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ABSTRACT 

I The feasibility of deploying multiple satell i tes into a non-coplanar 

a r r a y  for the purpose of defining spatial and temporal variations of the solar 

wind and the transit ion regionin near -interplanetary space h a s  been investi-  

gated. 

SGC lO89R-3; this report  presents  the resul ts  of further analyses  and studies 

which were completed under two extensions to the basic  contract .  

The initial study effort w a s  documented by Space-General Report No.  

The scope of work covered (1)  further investigation of key a r e a s  in 

the multiple satell i te system concept, including attitude control, orientation 

requirements ,  and e r r o r  effects; ( 2 )  a n  optimization of the deployment- 

separation sequence, involving definition and analysis of a l ternate  approaches 

other than the reference concept defined under the original contract; and ( 3 )  a n  

evaluation of the applicability of existing satellite designs to the multiple sa t -  

ellite mission.  

The deployment optimization study emphasized an al ternate  concept 

which involved a "pallet" (o r  bus)  capable of la te ra l  thrusting for altering the 

original launch orbi t .  

of the four individual satell i tes such that the resulting satell i te a r r a y  forms  a 

non-coplanar configuration which i s  optimum for completion of the scientific 

experiments .  

of the satel l i tes ;  the orbit  manuever capability allows achievement of desired 

a r r a y  configurations on both the ascending and descending legs  of the orbit ,  

and the tangential separation distance along the orbi t  i s  established a t  a de-  

s i r ed  value and does not ''grow" in the course of the system lifetime. 

charac te r i s t ics  of this configuration a r e  compared with that for the reference 

configuration defined under the initial contract. The available satell i te eval-  

uation concludes that the special balance and center of gravity requirements 

of e i ther  multiple satellite configuration cannot be provided by any known ex-  

ist ing satell i te Configuration. However, all elements of operation and design 

for  both of the multiple satellite system concepts have been found to be feasi-  

ble within the existing technology state -of - the-ar t ,  the probable booster payload 

capabili t ies,  and the desired mission implementation schedule. 
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This  pallet completes orbital  maneuvers  between re lease  

This a l ternate  pallet design does not involve spin-off separation 

The 
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FOREWORD 

I This f i n a l  report  documents all technical work completed by Space- 

General under extensions to the "Feasibility Study for a Multiple Satellite 

System. I '  It is  submitted in  partial  fulfillment of the requirements of Contract 

NAS 2-3925, Extensions N o .  1 and N o .  2 .  The document consists of two vol- 

umes: VOLUME I - SUMMARY, and VOLUME I1 - APPENDICES. 

I 
The following personnel were responsible for major study tasks ,  

and were pr imary  contributors to the preparation of this final report: 

R. L .  Phen 
Dr .  L .  Pode 
E .  A .  Zeiner 
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Section 1 

INTRODUCTION 

The ultimate objective of the Multiple Satellite P rogram i s  the de- 

velopment of a system to place four spacecraft in a non-coplanar a r r a y ,  having 

a highly eccentr ic  nominal orbit  about the ea r th ,  to t r ave r se  the a r e a s  of in-  

t e r e s t  - the magnetosphere, the transition region, and nearinterplanetary space.  

The four spacecraft  wi l l  acquire  magnetic and plasma data in the subsolar r e -  

gion which wil l  allow the separation of time-dependent events f rom the motion 

associated with disturbances being propagated within the plasma.  

I The technical effort documented in  this repor t  was completed under 

tiple Satellite System. ' I  The resu l t s  of the original study effort w e r e  reported 

in Space-General Report  No. 1089R-3, which was submitted to NASA Ames 

two extensions to the basic  contract NAS 2-3925, "Feasibility Study for a Mul- 
l 
I 
I 

I 

Research Center i n  February 1967. The contents of this document, thus,  r e -  

fer in  many cases  to the work discussed in the original study contract  repor t .  

Work completed under the two contract  extensions may be summarized in the 

following a r e a s ,  which make up the sections of this final report:  

a .  Key area analyses 

b .  Alternate deployment 

c .  Deployment comparison 

d.  Available satell i tes 

SG 1089R-6 Page 1 



Section 2 

KEY AREA ANALYSES 

The resul ts  of the basic study contract defined a multiple satellite 

system configuration which met the basic scientific experiment objectives and 

was determined to be feasible within the existing state -of -the -a r t .  

further analysis was felt to be necessary in several  key a r e a s  to verify c e r -  

tain system parameters .  

key area analyses completed under the extensions to the original contract; the 

detailed technical work supporting the conclusions i s  presented in the appendix 

volume. 

However, 

This section summarizes briefly the resul ts  of these 

, 2 . 1  SPIN STABILITY AND PRECESSION DAMPING 

The original satell i te reference de sign involved the deployment of 

a single magnetometer boom of approximately six feet i n  length, which r e -  

sulted in a markedly asymmetr ic  satellite configuration about the spin- 

stabilized roll  axis. Since certain questions remained concerning the spin 

stabilization character is t ics  of such a n  asymmetr ic  satell i te configuration, 

a fair ly  detailed analysis of spin stability and precession damping for a 

single -boom satell i te was completed. 
I 

I 
The spin stability analysis for the single-boom satellite is  presented 

in detail in  Appendix I. In summary, this analysis concludes that: 

a .  The boom center of mass  must  be located on the satell i te 
center of m a s s  station along the spin ax is ,  for both stowed 
and deployed boom configurations. 

b .  The major  principal axis (which i s  the fixed spin axis after 
energy dissipation) can be parallel  to the satell i te longi- 
tudinal reference ax is ,  for both boom-stowed and boom- 
deployed configurations. 

c .  The major  principal axis will move relative to the satellite 
longitudinal reference axis a t  deployment. 
ence design configuration defined under the initial contract, 
this movement will be approximately 3 . 7 5  c m  in magnitude. 

For the refer - 
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d.  The pr imary difference i n  dynamic character is t ics  of a 
single -boom satellite versus  a n  axially symmetric config- 
uration is  in the nature of the coning motion pr ior  to energy 
dissipation. A s  indicated i n  Figure 1,  for the axially sym- 
metr ic  case the major principal axis p recesses  about the 
angular momentum vector a t  a fixed cone angle.  (Note that 
the longitudinal reference axis for the satell i te design may 
or  may not correspond to the major principal axis. ) For  
the single -boom asymmetr ic  satell i te case,  the coning mo- 
tion of the major  principal axis about the angular momentum 
vector does not occur a t  a fixed cone angle. 
jor principal axis oscillates between limiting inner and outer 
cone angles a s  it p recesses  about the momentum vector.  

Rather ,  the ma- 

e .  For  both symmetric and single-boom cases ,  energy dissipa- 
tion causes the coning to decay to a steady rotation with the 
major principal axis along the angular momentum vector.  
Since sufficient precession damping capability will be in- 
cluded in  the satellite design to a s s u r e  that this coning decay 
occurs within a few minutes af ter  satell i te re lease ,  the 
asymmetr ic  single -boom satell i te configuration i s  entirely 
acceptable f rom a dynamic standpoint. 

An analysis of the precession damping requirements for the single- 

boom satell i te configuration was car r ied  out to determine the required char - 
ac ter i s t ics  and performance of an  optimum precession damper .  The details 

of this analysis a r e  presented as  Appendix II. 
have been summarized in  Figure 2 .  

considered: 

axis of the satell i te;  Type 2 - a mass  constrained to move in  a circular  mo- 

tion about the spin axis  of the satell i te;  and Type 3 - a viscously-coupled rotor 

whose ax is  of rotation is parallel to a lateral  axis of the satell i te.  The Type 1 

and Type 2 precession dampers  a r e  found to have unfavorable location require-  

ments  for  the reference multiple satellite design. The Type 3 damper is  found 

to be the most  applicable to the requirements.  

The resul ts  of this analysis 

Three types of precession dampers were 

Type 1 - a mass constrained to  move roughly parallel  to the spin 

Its advantages include: 

a .  It i s  effective a t  low excitation levels .  

b. The liquid rotor  can completely f i l l  the damper tube 

c .  Location requirements a r e  favorable. 

d .  Freedom exists in  the shape of the damper loop (it need not 
be c i rcu lar ) .  

e .  The liquid rotor can be caged by a single valve, since the 
tube i s  completely filled. 
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TYPE 1 

LOCATION IMPORTANT FOR 
ONE-BOOM SATELLITE 

SATURATES AT LARGE 
CONE ANGLES 

TYPE 3 

X TIALLY FILLED TUB 
TYPE 2 - 

EFFECTS FINAL C.O.M. 

U N FAVORABLE LO CAT ION 
RE Q U I REME NTS 

c3 
X l  ,-- 1 

f \ 

\ 

-- 
\ .---- 

PA 

COMPLETELY FILLED TUBE 

FAVORABLE LOCATION 

LOOP NEED NOT BE CIRCULAR 

CAGED BY SINGLE VALVE 

Figure 2. Alternate Pre ce s sion Dampers 
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The application of a Type 3 rotor for the multiple satell i te require-  

ment is entirely consistent with a single -boom satellite configuration. 

brief analysis a lso indicated that the effects of damping by a typical magne- 

t ~ m e t e r  Sssrr, a?cm are  r,st adeq-a te  to provide the desired speed of reduc- 

tion in the coning motion. 

A 

Thus, resul ts  of the spin stability and precession damping analyses 

of Appendix I and I1 verify the dynamic feasibility of the single-boom satell i te 

configuration which was chosen a s  a reference design under the original con- 

t rac t  effort .  

2 . 2  IR ASPECT SENSING 

Results of the original contract effort concluded that the use of in- 

f r a red  (Et) aspect sensors  was most appropriate for the multiple satell i te 

system. 

axis orientation which is  necessary for the controlled 

of satell i tes f rom the pallet. 

umented in Appendix 111 which verifies the mounting and operational feasibil- 

i ty of the IR aspect sensor system, and provides further substantiation of the 

over-all  orientation sensing capability of the IR system. 

work presented in  Appendix I11 may be summarized as  follows: 

These sensors  could provide the very accurate  resolution of spin 

spin-off separation 

Further work has  been completed and is  doc- 

The resu l t s  of the 

a .  Effect of the probable position uncertainties for the pallet 
and individual multiple satellites i s  small in t e r m s  of r e -  
sulting e r r o r s  in  spin axis orientation data. 

b .  Mounting and field-of-view factors for the IR sensors  can 
be selected which will provide both good orbital coverage 
and high accuracy for the aspect sensing system. 

c .  Use of dual field-of-view sensors  with orthogonal viewing 
directions is recommended. This approach can: 

1. Resolve principal axis  t i l t  while on the pallet through 
data obtained from the several  satell i te IR sensors .  

2. Re solve the orientation ambiguity on a quick-look 
basis .  

3 .  Guarantee single -satellite orientation data af ter  sub - 
stantial attitude drift .  
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It i s  concluded that the over-all IR aspect  sensing system will pro-  

vide resolution of the spin axis orientation to C fO. 2 O ,  which is  adequate for 

both the pallet spin-off separations and for reduction of the satell i te scienti- 

fic data. 

2 .3  PERIGEE ALTITUDE 

A more  detailed study of the perigee altitude selection for the mul- 

tiple satell i te system was completed and is  documented in Appendix IV.  

The analysis included a more  accurate  ballistic coefficient for  the 

multiple satell i te reference design, and involved the evaluation of the ef-  

fects of atmospheric density distribution. 

consider e d included: 

The density distribution factors  

a .  Day-night effects 

b.  Solar activity 

c .  Semi -annual plasma effects 

d .  Magnetic s to rms  

The effects of the semi-annual plasma variations and magnetic s torms  were 

neglected i n  the quantitative analysis, since their magnitude was considered 

small relative to the other significant factors.  

The effects of the lunar and solar perturbations on perigee altitude 

variation were analyzed, and a simplified approach suitable for trade-off 

studies and parametr ic  calculations was defined. This approach is based 

upon a prediction considering the solar perturbation as the pr ime factor , 
with the lunar  perturbation forming a secondary ripple on the major solar 

effect .  A comparison of the prediction of perigee altitude variation, resulting 

period change, and lead t ime change versus  time in  orbit  is presented as Fig-  

u r e  3 .  Note the agreement between results of the simple prediction approach 

and the variations defined by the detailed stepwise calculations of the 712 tra- 

jectory computer program. 
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The required perigee altitude for the lowest satell i te is defined 

primarily by the effects of differential atmospheric drag on tangential sep- 

aration between the satellites during the course of their lifetime. Results of 

the detailed analysis of factors contributing to the perigee altitude effects on 

separation distance a r e  presented in  Figure 4. 
af te r  six months of 3750 km has been selected previously as  the allowable 

contribution due to differential atmospheric drag. 

to 4 5 O  a r e  to be allowed, Figure 4 indicates that the initial perigee altitude 

for the lowest satell i te must be 2 830 km. 

be some 120 km higher than that of the lowest satellite for the spin separation 

approach, i t  i s  concluded that the initial pallet orbit must have a perigee 

2 950 km. It is  noted that for this relatively high perigee altitude, the booster 

vehicle performance is  dropping rapidly with increasing altitude. Thus a 

50-pound payload saving can be accomplished for the mission by providing 

a pallet apogee kick motor ,  allowing the launch vehicle to achieve a low pe r i -  

gee orbit ( e . g .  

value by use of a pallet apogee-kick velocity increment. 

A tangential separation growth 

If solar lead angles of up 

Since the pallet orbit perigee will 

280 km)  with subsequent increase  in perigee to the 2 950 km 

2 . 4  ORBITAL ERROR ANALYSIS P L A N  

The prediction of potential - - r i a t i o n s  in  the multiple satell i te a r r a y  

due to e r r o r  effects is considered to be an  important aspect  of the system p re -  

l iminary design. The system studies completed to date have in  all cases  eon- 

s idered the e r r o r  effects which a r e  judged to be of cri t ical  importance in sys -  

tem concept decisions. 

orbital  e r r o r  analysis has  been made. 

the necessary scope of such a comprehensive e r r o r  analysis,  and to indicate 

desired resu l t s  and the most  reasonable approach for la ter  completion of such 

a n  e r r o r  analysis  study. 

However, no attempt a t  a complete and comprehensive 

It i s  the intent of this section to define 

The parameters  of interest  can be divided into three  classes:  (1) 

orbital pa rame te r s  , ( 2 )  differences between orbital parameters ,  and (3 )  a r r a y  

charac te r i s t ics .  

to the pa rame te r s  that describe the pertinent orbital character is t ics  of the 

satell i tes i n  a n  absolute sense,  i. e .  , not relative to one another Since the 

These a r e  l isted in  Table 1. The orbital parameters  re fer  
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Figure 4. Lead Time Growth at Six Months 
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Table 1 

PARAMETERS O F  INTEREST 

A. ORBIT PARAMETERS 

Satellite 1 

1 .  

2 .  

3 .  

4. 

5. 

6. 

7 .  

8. 

9 .  

Per igee Altitude, h 
P 

Apogee Radius, ra 

Semi-Minor Axis, p 

Inclination to Equatorial Planes i 

Argument of Per igee,  u1 

Longitude of the Ascending Node, A 
Inclination to Ecliptic Plane, iE 

True  Anomaly of Common Line, 8 

Angle between Sunline and Line of Apsides, s 
C 

a 

Satellite 2,  3 and 4 

(Same a s  Satellite 1 )  

B .  DIFFERENCES BETWEEN SATELLITES’ ORBITS 

Satellites 2 and 1 

1 .  

2 .  

3 .  

4. 
5. 

6. 

7 .  

8 .  

Difference in  Per igee Altitude , Ah 
P 

Difference in  Apogee Radius, A r a  

Difference in  Semi-Minor Axis, Ap 

Difference in  Per iod,  A7 

Lead Time,  A t  

Relative Rotation of Line of Apsides, Ah 
(In-Plane Component) 

Relative Inclination, A i r  

T rue  Anomaly of Line Common to Orbital Planes, A0 

(Angle between Orbital Planes)  

r 

Satellites 3 and 1 ,  and 4 and 1 

(Same as  Satellites 2 and 1 )  
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9 parameters  a r e  to be given for each of the 4 satell i tes,  some 36 pa ram-  
e t e r s  a r e  involved. 

pressed in t e r m s  of difference relative to the pallet 's  orbit ,  or  relative to 

Satellite 1, depending upon the deployment scheme selected. The tables ex- 

p r e s s  the differences relative tc? the erbit of Satellite 1 giving three combin- 

ations of orbit  differences: 2-1, 3-1 and 4-1. With 8 parameters  describing 

each difference a total of 24 parameters  a r e  involved. 

The differences between orbital parameters  may be ex- 

The description of the a r r a y  character is t ics  wi l l  require  the la rges t  

number of parameters .  Although there a r e  only five i tems  of interest  - the 

three orthogonal components of the separation distance, the non-coplanarity 

cri terion, and the maximum distance - the inter satell i te separation distances 

must be given for the three combinations of satell i te differences: 

and 4-1, and must be stated for a number of points on the orbit .  For  the 

l imited selection of points, some 64 parameter  values a r e  required; this 

doubles the total number of orbital parameters .  

2-1, 3-1, 

Not all of the orbital parameters  a r e  independent, however, In 

principle, 6 parameters  a r e  sufficient to specify each satell i te 's  orbit ,  so 

that the 4 orbits could be completely specified by 24 parameters  and all other 

pa rame te r s  would be derivable therefrom. Nevertheless, evaluation of the 

additional parameters  i s  necessary to permit examination of the particular 

i t ems  that a r e  of interest  for the Multiple Satellite mission. 

The parameters  enumerated above a r e  required to describe the 

satellites' orbi ts  at only one point in  the operational lifetime. 

desirable that the history of the parameters  and their associated e r r o r s  be 

t raced  for the six-month operational lifetime. This would be done by eval- 

uations a t  intervals a f te r  deployment and a t  cri t ical  points during the deploy- 

ment ,  a s  l is ted in Table 2.  At each point, in  addition to nominal values, the 

three-s igma contribution of each e r r o r  source,  along with the RSS value of 

the e r r o r  contributions, would be given. 

It is, of course,  
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I Table 3 presents  a n  initial l is t  of the e r r o r  sources .  Some i tems  
I that have been included a r e  not "er ror"  sources i n  the l i teral  sense.  These 

i tems have been l is ted with the e r r o r  sources since, for computational sim- 

plicity, it  may be convenient to t reat  all factors that produce small changes 

in the orbits (other than the nominal deployment velocity increments)  a s  

though they were e r r o r  sources .  Also, for the most  par t ,  the l is ted i tems 

a r e  not e r r o r  "sources" in  the sense of representing the pr imary  origins of 

the e r r o r s .  They represent  a classification that can be used as  a basis  for 

a further breakdown which would specify pr imary origins.  

e r r o r  in  a velocity component may be broken down into contributions due to 

aspect sensor  e r r o r s ,  thrust  misalignments, inertial misalignments, etc.  

Such subdivision would obviously multiply the number of e r r o r  sources  by a 

substantial factor.  

For  example, an  
I , 

Thus, the total  number of e r r o r  sources  can be expected 

I to be far greater  than the nearly 50  i tems l isted i n  Table 3 .  

The e r r o r  analysis recommended would include transcription of 

the parameters  of interest  f rom the independent orbital  parameters  and the 

tracing of the histories of the 24 independent orbital elements. 

the computation to be tractable each e r r o r  source will be treated as inde- 

pendent. 

cessary  to understand the effects of the e r r o r s  on the satell i te a r r a y  motion. 

In order  for 

The interaction of cri t ical  e r r o r  sources w i l l  be evaluated as ne-  

I 
i 
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Section 3 

A.LTERNATE DEPLQYMENT 

The original study contract work defined a multiple satellite system 

and a design configuration which generally satisfied the scientific experiment 

objectives and was found to be feasible from a state -of -the -art implementation 

standpoint. However, no comprehensive review and classification of alternate 

possible configarations was completed due to t ime and budgetary limitations of 

the original effort. Although the performance obtained with the original refer  - 
ence multiple satell i te system appeared to be acceptable, it is  possible that 

improvements i n  some character is t ics  could be obtained with alternative ap-  

proaches. Thus, a study of the alternate possibilities for satell i te separation 

and deployment was completed and the most  promising alternate approach w a s  

selected, analyzed in  further detail,  and compared with the original reference 

system. This section presents the resul ts  of the alternate deployment study. 

3 . 1  0 B JEC TIVES 

The ma jo r  deficiencies of the original reference multiple satell i te 

deployment scheme are: 

a. 

b. 

C. 

SG 1089R-6 

Large in-plane normal separation distances a r e  provided only 
on the descending leg of the orbit. 
separation distances provided on the ascending leg resu l t  i n  an 
a r r a y  that is much closer to being planar. 
leg (i. e . ,  half of the orbit)  is of l e s s  value for the scientific 
experiment purposes . 

The smaller in-plane-normal 

Hence, the ascending 

The maximum in-plane normal separation distances that a r e  
provided by the current  scheme a r e  in the order  of 800 km, 
being limited by the velocity increment that can be obtained 
by spin-off. 
would be preferable. 

Larger  distances, in the order  of 1, 500 km, 

F o r  the current  deployment scheme the growth of tangential 
separation distance between the members  of one of the satell i te 
pairs  is necessary in  order to obtain non-coplanarity. This 
requi res  the deliberate off -setting of the out-of -plane velocity 
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increments f rom the normal to the orbit  in order  to be assured  
of the presence of a tangential velocity increment component. 
Although some tangential components will be present inadver - 
tently, the deliberate imposition of a tangential component is 
undesirable since it decreases  the allowable margin  of e r r o r .  
The attairxmziit of non-coplanarity without the growth of tan-  
gential separation distance would allow increased accuracy 
in  deployment to be pursued without restriction. 

In examining alternative deployment schemes the main objective i s  

to determine to what extent these deficiencies might be remedied without de -  

grading other aspects  of the sys tem's  performance o r  aggravating design 

problems. 

3 . 2  ASSUMPTIONS AND CONSTRAINTS 

Present  considerations will be rest r ic ted to alternative deployment 

schemes that are applicable to Mission Mode 3.  

satell i tes a r e  not individually equipped with attitude reorientation systems . 
Hence, the attitude reorientation mus t  be completed prior to the deployment 

of the satellites. The satell i tes are,  therefore,  deployed from a pallet that 

is  spinning about an axis that is very closely aligned with the normal to the 

orbit. 

With this mission mode the 

It i s  assumed that the satellites a r e  to be nominally identical, that 

they are mounted on the pallet with their rol l  axes  parallel  wi th  the pallet 's 

ro l l  axis ,  and that they a r e  mounted in  a configuration that is a symmetr ical  

with respec t  to the pallet 's rol l  axis. Thus, i f  one satell i te i s  mounted with 

its center of mass laterally displaced f r o m  the pallet 's rol l  axis,  it mus t  be 

balanced by another satell i te that has  i t s  center of mass displaced in the op- 

posite la te ra l  direction. 

When a laterally-mounted satellite is separated f rom the pallet it 

is  spun off, retaining its circumferential velocity. 

configuration for the elements remaining on the pallet, which could interfere  

w i t h  the attainment of a clean separation, it is assumed that any spin-off s epa ra -  

tion will be rest r ic ted to  the separation of symmetrical  elements.  Accordingly, 

each satell i te mus t  either be mounted: (a)  with i t s  center of mass along the 

To avoid an unsymmetrical 
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pallet 's rol l  axis, in  which case it w i l l  be separated axially; o r  (b) wi th  its 

center of mass displaced laterally, i n  which case it is separated by the pal-  

le t  by spin-off simultaneously with the spin-off separation of i t s  opposite 

member .  Spin-off separation can involve either the separation of individual 

satellites o r  the separation of satell i te-pairs,  i. e. , two satell i tes joined in  

a dumbbell-like assembly .  In the latter case ,  the pair assemblies  w i l l  be 

parted subsequent to separation f rom the pallet. 

3 . 3  C LASS1 FIC A. T I0  N 

With the restrictions se t  forth above, the possibilities with respect  

to separation f rom the pallet can be classified a s  follows: 

I. Spin-off separation of satellite pairs;  pairs  mounted on pallet 
with dumbbell axis parallel to the pallet 's roll  axis. 

11. Spin-off separation of satell i te pairs;  pa i r s  mounted on pallet 
with dumbbell axis perpendicular to the pallet 's rol l  axis. 

111. Spin-off separation of all satell i tes at one time. 

IV. Two-stage spin-off separation; at each stage two satell i tes are 
spun -off. 

V. Spin-off separation of two satellites; axial separation of the 
other two. 

VI. A.xial  separation of all four satellites. 

Figures  5 through 10 present the general  mounting arrangements  and 

the separation sequences associated with each of these schemes. 

3 . 4  DEPLOYMENT SCHEME I - SPIN-OFF SEPA.RA.TION O F  SATELLITE 
PAIRS; PAIRS MOUNTED ON THE PA.LLET WITH DUMBBELL A.XIS 
PA.RALLEL TO THE PALLET'S ROLL A.XIS 

This approach has been investigated in some detail since it is the one 

corresponding to the reference design. Its main  advantage is  that it involves only 

one spine-off separation and imposes minimum burdens on the pallet. However, 

since only one in-plane separation i s  obtained, large in-plane normal separation 

distances cannot be obtained on both legs of the orbit and non-coplanarity is 

dependent upon growth of tangential separation. 
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Deployment Scheme I 

Spin-off S e w a t i o n  of S a t e l l i t e  Pairs; Pa i r s  Mounted on P a l l e t  
With Dumbell Axis Para l le l  t o  the P a l l e t ' s  R o l l  Axis 

Top View 

Semrat ion 
'mines 

P a l l e t  

Separation Sequence 

Step 1: Separate s a t e l l i t e  p a i r s  from p a l l e t  by spin-off with d i f f e r e n t i a l  veloci ty  
increment i n  the in-plane n o m 1  direct ion.  

Velocity increment of S a t e l l i t e - P a i r  1-2 o+() - Tangent t o  o r b i t  

7- 
Velocity increment 0 4  segeion 
% t e u i t e - h i r s  3-4 

Step 2: Part  s a t e l l i t e  p a i r s  a x i a l  with small ve loc i ty  increment generated by separation 
spr ings.  

4 d 

Normal t o  
o r b i t  

T 
I _ p m t i o n  Plane Separation 8 Plane 

i t 

Step 3 :  F i r e  a x i a l  rockets  t o  obtain out-of-plane ve loc i ty  increments. 

F igu re  5. General  Mounting Arrangement and Separation Sequence 
for  Deployment Scheme I 
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Deployment Scheme I1 

Spin-off Separation of S a t e l l i t e  Wire ;  Pairs Mounted on P a l l e t  
W i t h  Dumbell Axis Perpendicular t o  the P a l l e t ' s  Roll Axis 

General Mounting Arrangement 

Side View 

Pallet 

Top V i e w  

Separation F'lanee 

Step 1: Separate s a t e l l i t e  p a i r s  fm p a l l e t  by spin-off with d i f f e r e n t i a l  ve loc i ty  increment 
i n  the in-plane normal d i r e c t i o n .  

Tangent to Orbit 
(Normal t o  o r b i t  perpendicular 
t o  plane of paper) 

Separation 

S tep  2: art S a t e l l i t e - F a i r  3-4 by spin-off separation 
i n  the  in-plane normal d i rec t ion .  

Semrat ion  

with d i f f e r e n t i a l  ve loc i ty  increment 

- Tangent t o  Orbit  

Planes 

S tep  3:  Part S a t e l l i t e  Fair 1-2 by spin-off separation. 

m 

- Tangent t o  Orbit  

AV Separation 
Planes 

Step 4: F i r e  axial rocke ts  to obtain out-of-plane ve loc i ty  increments. 

F igu re  6. General  Mounting Arrangement and Separation Sequence for  
Deployment Scheme I1 

1 
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Deployment Scheme I11 

Spin-Off Separation of a l l  S a t e l l i t e s  a t  one Tine 

General Mounting Arrangement 

Alternat ive A 

Side View Top View 

00 
00 W l l e t  

Alternat ive B 

Side View Top V i e w  

Pallet 
Separation Sequence 

Alternat ive A 

Step 1: Separate a l l  fou r  s a t e l l i t e s  by spin-off .  

This a l t e r n a t i v e  i s  not  acceptable since a l a r g e  t angen t i a l  ve loc i ty  component 
cannot be avoided. 

Alternat ive B 

S i z i l a r  t o  Deploynent Scteme I except ::.at s i r u c t u r a l  in’erconnections tet:;een d e j i r i l r , g  
s a t e l l i t e s  (dumbbell ba r s ) ,  a r e  deleted. 

F igure 7. General Mounting A.rrangement and Separation Sequence for 
Deployment Scheme I11 
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Deployment Scheme IV 

Two Stage Spin-Off Separation; At Each Stage Tvo Sateptes are Spun-Off 

General Mounting Arrang ement 

Alternative A 

Side View Top View 

===o %+sewration Planes 

Alternative B , ,T, , oifoparation Planes 

Side View 

- - -  
Pallet 

2 

Separation Sequence (Applicable to either mounting alternative) 

Step 1: Separate Satellites 2 and 4 by spin-off with differential velocity increments i n  the 
in-plane normal direction. +& bV Tangent to Orbit 

3 

Step 2: 

Step 3: 

Perform Pallet Orbit Change Maneuver (optional) 

Separate Satellites 1 and 2 by spin-off with differential velocity increments in the 
in-plane normal direction. 0-6 I Tangent to Orbit 

AV 

Step 4: Fire  axial rockets to obtain out-of-plane velocity increments. (This step might 
be deleted if Step 2 is used to obtain out-of-plane velocity increments.) 

AV AV 

Figure  8. General  Mounting Arrangement and Separation Sequence for  
Deployment Scheme I V  
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Deployment Scheme V 

SPIN-OFF SEPARATION OF TWO SATF,LLIW; AXIAL SEPARATIQl OF TXE OTHER TWO 

General Mounting Arrangement 

Side View A 

Side View C 

Fallet  

Separation Sequence 

Step 1: Separate Sa te l l i t e  2 axially 
with emall velocity increment 
generated by reaction springs. 

Side View B 

I 
Fallet  

Top View 
(A,B or C) 

Normal t o  
Orbit T 

Normal t o  
Orbit 

Step 2: Perform N e t  orbi ta l  maneuver. 
men separate Sa te l l i t e  4 axially 
with small velocity increment 
generated by separation springs. 

9 6- Step 3:  Perform w e t  orbi ta l  maneuver. 
Then separate Satel l i tes  1 and 3 
by spin-off with different ia l  
velocity increments in the in- 
plane-nom1 direction. 

Tangent t o  Orbit 

PV 
(Note: Stem 2 and 3 can be reversed,mounting 

arrangement pexmitting.) 

Step k :  Fire Satel l i tes '  axial  rockets 

Orbit 
AV PV 

F igure  9. General  Mounting A.rrangement and Separation Sequence for 
Deployment Scheme V 
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Deployment Scheme V I  

AXIAL SEPARATION OF ALL FOUR SATELLITES 

General Mounting Arrangement 

Side V i e w  A 

11.1 

Pal le t  

Side x i e w  B 

-tt- - 
(Pallet1 

Top V i e w  

Separation Sequence 

Step 1: Separate S a t e l l i t e  1 axial ly  with small AV from reaction springs. 

Step 2:  Perform pa l l e t  o rb i t a l  maneuver t o  obtain tangential separation 
distance. 
reaction springs. 

Separate Sa te l l i t e  2 ax ia l ly  with small AV from 

Step 3: Perform pa l l e t  o rb i t a l  maneuver t o  obtain out-of-plane separation 
distance. Separate Sa te l l i t e  3 ax ia l ly  with s m a l l  AV from 
reaction springs. 

Step 4: Perform pa l l e t  o rb i ta l  maneuver t o  obtain in-plane normal separa- 
t ion  distance. 
increment obtained from reaction springs. 

Separate S a t e l l i t e  4 axia l ly  with small velocity 

F igure  10. General  Mounting Arrangement and Separation Sequence for  
Deployment Scheme VI 
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It will be noted that for  some of the other deployment schemes these 

shortcomings a r e  relieved by using the pallet to perform orbital maneuvers ,  

i n  addition to its attitude reorientation maneuver. Deployment Scheme I does 

not lend itself well to this approach since it would require the use of two pal- 

let systems,  one pallet system accompanying each of the satell i te -pairs.  This 

comment is also applicable to Deployment Scheme 11. For  Deployment Scheme 

111, in  which all the satellites a r e  separated at one t ime,  pallet orbital  maneu- 

ve r s  a r e  totally inapplicable. 

Schemes I V ,  V and V I  (especially to the l a t t e r )  in  which some of the satell i tes 

are retained on the pallet after one o r  more  of the satell i tes have been 

separated. 

Such maneuvers a r e  applicable to Deployment 

Although perhaps not the best possibility with respect  to  s t ructural  

design, the mounting arrangement for Deployment Scheme I i s  not unreasonable. 

However , the attainment of a favorable moment -of -inertia ratio proved to be 

difficult for  the pallet and was impracticable for the satell i te pa i r s ,  requiring 

ltmited duration in  the pair configuration. 

3.5 DEPLOYMENT SCHEME I1 - SPIN-OFF SEPA.RA.TION O F  SATELLITE 
PAIRS; PAIRS MOUNTED O N  PALLET WITH DUMBBELL A.XIS PER - 
PENDICULAR TO THE PALLET'S ROLL AXIS 

In this case,  upon separation f rom the pallet the satell i te pa i r s  spin 

about an  axis that is perpendicular to the dumbbell axis. Hence, the parting 

of the pa i r s  resu l t s  in  secondary spin-off separations, resulting in  a total of 

three spinsoff separations. This multiplicity of spin-of€ separations can be 

used to increase  the maximum in-plane normal  separation distance obtained 

and to obtain large in-plane normal separation distances on both legs of the 

orbit. Consider,  for example, the following timing for the separation sequence: 

1. Satellite P a i r s  1-2 and 3-4 a r e  spun-off f rom the pallet at about 
10 hours  af ter  perigee passage on the ascending leg; Pair 1-2 
going inward and Pair 3-4 going outward. 

2. Satellite Pair 3-4 is parted by spin-off separation at about 10 
hours  prior to next perigee passage on the descending leg; 
Satellite 4 going inward and Satellite 3 going outward. 
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3. Satellite Pair 1-2 i s  parted by spin-off separation at about 10 
hours  after this perigee passage; Satellite 1 going inward and 
Satellite 2 going outward. 

(The subsequent out -of -plane velocity increments provide the additional separa - 
tion distance necessar i r  I te ~ b t a i x  a n~n-eop!ariar array. ) 

It can be expected that, for each of the three spin-off separations,  

the distance between the centers  of m a s s  of the separating elements will be 

about the same as for the one spin-off separation involved i n  Deployment 

Scheme I. Hence, the differential velocity increments  obtained with each 

spin-off would be equal to that obtained in  Deployment Scheme I and, as indica- 

ted in  Figure 1 1  

normal  separation distance on the descending leg of the orbit  that is about 1 .5  

times as great  as that obtained with Deployment Scheme 1; while on the ascend-  

ing leg of the orbit  an  in-plane normal separation distance is  produced that is 

equal to that obtained on the descending leg with Deployment Scheme I. 

the foregoing deployment sequence w i l l  produce an in-plane 

This improvement in  in-plane normal  separation distances is not 

It would be necessary to obtained without some concomitant disadvantages. 

execute three spin-off separations and, because of the multiplicity of spin-offs 

and the superposition of velocity increments,  the attainment of the required 

accuracy would be m o r e  difficult. A l s o ,  along with the la rger  in-plane normal  

separation distance, a la rger  difference in  perigee altitude would be introduced. 

This would require  that the perigee altitude of the pallet 's  orbit a t  injection be 

ra i sed  by about 60 km. On the other hand, the "four -on-the-floor" mounting 

arrangement  that can be used with this scheme i s  desirable because a favor-  

able moment  of iner t ia  ra t io  is readily obtained for all configurations, i. e . ,  
the pallet, the satellite -pairs  and the satell i tes.  The mounting arrangement 

i s  a l so  satisfactory f rom a s t ructural  viewpoint. 

This scheme provides no benefit with respect  to the requirement for 

growth of tangential separation to obtain a non-coplanar a r ray .  
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Deployment Scheme I 

1 0 

Descending Leg 

P * 3  

' 4  

Inward In -Plane Normal 

Deployment Scheme I1 

Descending Leg 

e 1  a 2  * 3  
I 

I 1 1 
P a 4  

Inward In-Plane Normal- 

Ascending Leg 

*1 

'I- 
0 3  
a 4  

9 2  

+Inward In-Plane Normal 

Ascending Leg 

01 

- e w 

0 2  

3 4 

C- Inward In  -Plane Normal' 

P indicates pa l le t  

1, 2, 3, 4 indicate s a t e l l i t e  reference number 

Figure 1 1 .  Comparison of In-Plane Normal Separation Distance Obtainable 
with Deployment Schemes I and I1 

I 
I 
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3 . 6  DEPLOYMENT SCHEME 111 - SPIN-OFF SEPARA.TION O F  A.LL 
SATELLITES AT ONE TIME 

This scheme does not appear to offer any significant advantages 

reiative to the  others. 

native A),  i s  not feasible since the four velocity increments obtained by spin- 

off separation would then be separated by 90 degrees and it would be impossible 

to avoid an  excessive tangential component. The two -up/two -down mounting 

arrangement (Alternative B) would yield spin separation velocity increments 

that a r e  nominally identical to those obtained with Deployment Scheme I .  The 

only difference from Deployment Scheme I is  the absence of the dumbbell bar. 

Deletion of the dumbbell bar offers no significant advantage and could introduce 

a hazard of collision between satell i tes shortly after separation. 

The "fsar -on-the -floor" mounting arrangement  (alter - 

3 . 7  DEPLOYMENT SCHEME I V  - TWO STAGE SPIN-OFF SEPARA.TION; 
A.T EACH STAGE TWO SA.TELLITES A.RE SPUN-OFF 

Two mounting arrangements  a r e  feasible with this scheme. These 

a r e  the "four -on-the -floor" arrangement (Alternative A)> and the two-up/ 

two-down arrangement  with the upper pair a t  right angles to the lower pair 

(Alternative B). 

convenient mounting of pallet equipment in  the space below the upper pair ,  

(2 )  m o r e  room for boom stowage, ( 3 )  allowing the design of satell i tes of grea te r  

diameter ,  and (4) for facilitating the retention of a favorable momen%-of -inertia 

ratio for  the pallet after the separation of the f i r s t  two satell i tes.  

The latter arrangement m a y  be desirable for providing ( 1 )  

The choice of mounting arrangement has  no direct  consequence on the 

separation sequence, which for this scheme involves a double spin-off. 

double spin-off allows large in-plane normal separation distances to be obtained 

on both legs  of the orbit .  

4 at about 1 0  hours  after perigee passage would provide significant in-plane - 
normal  separation distances on the descending leg; while spin-off separation 

of Satellites 1 and 3 at about 1 0  hours  prior to perigee passage would provide 

significant in-plane normal  separation distances on the ascending leg. 

sumably, the effective spin-off arm, i. e .  , the distance between the centers 

of mass of the departing elements,  would be about the same as for  Deployment 

The 

F o r  example, spin-off separation of Satellites 2 and 

P r e  - 
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Scheme I. 
tances on both legs of the orbit  of a magnitude which Scheme I provides on 

the descending leg only. 

Hence, Scheme I V  would provide in-plane normal  separation d i s -  

Since two of the satellites a r e  retained on the pallet after the separa-  

tion of the first two, Scheme I V ,  provides an  opportunity to aid the deployment 

through the execution of  an  orbital  maneuver by the pallet between the two 

spin-off separations. 

and/or  ( 2 )  additional in-plane normal, and/or  ( 3 )  out-of -plane separation 

distances. Tangential separation distance could m o s t  readily be obtained in  

the following manner:  when the pallet next passes  near  perigee, after s epa ra -  

tion of the first two satell i tes,  a tangential velocity increment is applied to 

the pallet using a pulsed laterally-thrusting jet. Assuming for definiteness 

that this velocity increment is in  the direction opposite to  the velocity vector, 

it will resul t  in  a decrease in  the pallet 's orbital  period. 

allowed to coast, say, for  one orbit. Near the next perigee passage a velocity 

increment of equal magnitude but opposite direction is applied. This r e s to re s  

the orbital  period to its original value. However, during the coast a lead time 

has  been built up. 

would decrease  the orbital period by about .4 percent. 

lead time of about .4 percent of a n  orbital period would be obtained. This 

would provide tangential separation distances in  the section of the orbit of 

m o s t  interest ,  i n  the order  of 1 ,  500 km, without a subsequent growth of tan-  

gential separation distance. 

This maneuver could be used to provide ( 1  ) tangential, 

The pallet is  then 

A tangential velocity increment i n  the order  of . 8  m e t e r s / s e c  

Hence, in one orbit  a 

A.dditiona1 in-plane -normal separation distances could be produced 

by using the pulsed laterally-thrusting jet to obtain a n  in-plane normal velocity 

increment .  

l a rge  distances f rom the earth, i . e . ,  near 10  hours f rom perigee passage. 

However, unlike the spin-off separation which entails differential velocity 

increments ,  the pallet maneuver involves a one -sided velocity increment and 

the direction of the velocity increment can be chosen so  as to avoid decreasing 

perigee altitude. 

than would otherwise be acceptable. 

This like the spin-off separation, is mos t  effectively done at 

In this way, a lower injection perigee altitude can be used 
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An alternate technique for executing a n  orbital maneuver to obtain 

la rger  in-plane normal separation distances is  to apply a tangential velocity 

increment near perigee 

t ial  velocity increment a t  apogee to increase perigee altitude while restoring 

the orbital period to i t s  original value. (Alternately, perigee altitude could 

be increased f i r s t .  ) This maneuver resul ts  in  a substantial increase in the 

semi-minor axis and provides in-plane normal separation distances in  the 

section of interest  on both legs  of the orbit .  

a t  apogee would, of course,  be much larger  ( in  the order  of 20  t imes  l a r g e r )  

than the velocity increment applied at perigee. 

1 .5  meter /sec tangential velocity increment a t  perigee,  which would drop 

apogee by about 735 km, would require a 29 meter /sec tangential velocity in- 

crement  a t  apogee, raising perigee by a similar distance; the semi-minor 

axis would then be increased by about 1530 km providing in-plane-normal sep-  

arat ion distances of this order  of magnitude. 

to reduce the apogee radius and followed by a tangen- 

The velocity increment required 

For  example, to balance a 

In either case the separation distances obtained f rom the spin-off 

separations would be at  leas t  partially additive to separation distances obtained 

f r o m  the pallet 's  orbital maneuver.  Also,  the pallet 's  orbital maneuver would 

remove the restriction on the magnitude of the in-plane normal separation dis-  

tances that s tems from the limitations on the velocity increment obtainable f rom 

spin-off. 

Out-of-plane separation distance could be obtained by firing a solid 

rocket that thrusts in the axial direction. 

by using the pallet ra ther  than the satellites to obtain the out-of-plane separa-  

tion distance i s  the reduction of accuracy requirements .  

has  shown that accuracy in  the direction of firing the axial solid rockets i s  

likely to be  one of the most  cri t ical  factors affecting the growth of tangential 

separation distance. 

that i s  made could be subsequently corrected by observing the pallet 's  orbital 

period, and applying pulsed la teral  thrusts in the tangential direction to r e s to re  

the orbital  period to i t s  desired value, before separating the remaining satel-  

lites f r o m  the pallet .  

pend not so  much on aspect  sensor accuracy but upon tracking accuracies ,  

An advantage that might be gained 

Previous analysis 

When the axial rocket is fired f rom the pallet, any e r r o r  

In this way  the accuracy of the deployment would de- 
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the delicacy of execution, and the time allowed for the orbital period readjust-  

ment. 

any pallet orbital maneuver. ) 

(This  comment applies not only to the out-of-plane maneuver but to 

Since the distances between the satellites separated by spin-off a r e  

not affected by the pallet 's  orbital maneuver, it  i s  not possible to obtain la rge  

separation distances between these satellites on both sides of the orbit, unless 

( 1 )  they a r e  separated out-of-plane by firing axial rockets,  o r  ( 2 )  the spin-off 

i s  deliberately biased to obtain a tangential velocity increment producing a 

growth of tangential separation distance. Since the former alternative appears  

to be preferable,  i t  s eems  unlikely that the use of Deployment Scheme IV would 

resul t  i n  complete deletion of the use of satell i te axial solid rockets to obtain 

out-of -plane separation distances. 

3 . 8  DEPLOYMENT SCHEME V - SPIN-OFF SEPARATION O F  TWO 
SATELLITES; AXLAL SEPARATION O F  THE OTHER TWO 

With Deployment Scheme V there is a choice of many mounting a r -  

rangements and separation sequences but none of the choices seem to be of 

particular mer i t  relative to other deployment schemes. 

able mounting arrangements  a r e  i l lustrated in Figure 9 .  
ment (F igure  9, Side View A),  the two axially-mounted satellites ( 2  and 4), a r e  

connected in l ine.  Thus, during the booster flight inertial loads are  delivered 

from the upper satell i te through the lower satell i te to the pallet. In this case,  

the lower satell i te must  be designed to withstand these loads,  and if  the satel-  

l i t es  a r e  to be identical, the consequent penalty i s  incured for  all of the sa t -  

e l l i tes .  The column-supports used for the two laterally-mounted satellites 

a r e  not ideal for spin-off separation. 

Some of the conreiv- 

In the f i r s t  a r r ange -  

In the second arrangement (Figure 9 ,  Side View B) ,  a separate sup- 

port  s t ructure  i s  used to by-pass the loads from the upper axially-mounted 

satellite around the lower axially-mounted satell i te.  

satell i tes a r e  separated in the forward direction. Hence, the separation of the 

lower axially-mounted satellite will entail a difficult clearance problem unless 

the surrounding by-pass structure i s  folded away or  separated before the lower 

satellite is separated.  

Both of the axially-mounted 

The laterally-mounted satellites could be cantilevered 
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f rom the by-pass s t ructure ,  as shown in the figure,  or  supported by separate  

columns. In either case,  they would be subject to a different load distribution 

from the axially-mounted satellites s o  that a single satell i te design capable of 

withstanding either load distribution will entail some penalties. 

The th i rdar rangement  (Figure 9 ,  Side View C),  is  similar to the 

second except that the lower axial satellite is  separated to the r e a r .  

made possible by allowing a bottom port i n  the pallet to permit  passage of the 

satell i te.  

without folding or  separating the by-pass s t ructure .  

This is 

In this way it may be possible to deal with the clearance problem 

For  arrangements  wherein the station of the laterally-mounted sat- 

ell i tes conflicts with the station of one of the axially-mounted satellites o r  with 

the by-pass  structure,  as  depicted in Figure 9,  Side Views B and C, the di- 

ameter  of the satellites would be more severely res t r ic ted  than for other al-  

ternatives.  

mounted satellites a t  a non-conflicting station, as depicted in Figure 9,  Side 

View A, but this approach requires  longer columns. 

This disadvantage could be remedied by locating the la teral ly-  

Clearly none of the foregoing alternatives is  particularly attractive 

f rom a structural  viewpoint. 

some problem with respect  to the attainment of a favorable moment-of-inertia 

ratio for the pallet. 

In addition, a l l  of the arrangements  present 

The need to maintain a favorable moment-of-inertia ra t io  for the 

pallet mili tates against  the separation of the laterally-mounted satell i tes a s  

the first step of the separation sequence. 

of one of the axially-mounted satellites a s  the only choice for the f i r s t  step,  

followed either by: (1)  separation of the laterally-mounted pair and then the 

remaining axially-mounted satell i te,  o r  by ( 2 )  separation of the second axially- 

mounted satellite and then the laterally-mounted pa i r .  

arrangement  must,  of course,  be compatible with the choice made for  the de-  

ployment sequence. 

This  would leave the separation 

The choice of mounting 

It is  noted that, although Deployment Scheme V affords two oppor- 

tunities for executing pallet orbital maneuvers, no advantage is gained r e l a -  

t ive to Deployment Scheme IV which affords only one such opportunity. The 
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separation distance between the two laterally-mounted satellites will s tem 

only f rom the spin-off velocity increments unless additional velocity incre  - 
ments  (such as the firing of satell i te axial rockets)  a r e  applied. 

ation in  regard to the use of the pallet orbital maneuvers instead of sa te l -  

lite axial rockets to obtain out-of -plane separation distances differs in  no 

essential  way. 

bital maneuvers to obtain la rger  in-plane normal separation distances a r e  not 

essentially different. 

V the use of the pallet 's orbital maneuvers is  essential  to obtain large in-plane 

normal  separation distances on both legs of the orbit .  

tion might be given to the use of Scheme I V ,  with o r  without pallet orbital ma- 

euvers ,  there  would be little point in  considering the use of Scheme V without 

such maneuvers .  

vantage offered by Deployment Scheme V is  that only one spin-off separation 

is  required.  

separations m a y  entail a reliability o r  accuracy penalty. 

very  unlikely that this consideration would offset the ma jo r  disadvantages of 

Deployment Scheme V.  

The situ- 

Similarly, considerations relative to the use of the pallet o r -  

The only major difference is that for Deployment Scheme 

Hence, while considera- 

Relative to Deployment Scheme IV, the only potential ad - 

This could be of some advantage to the extent that the spin-off 

However, it appears  

3 .9  DEPLOYMENT SCHEME VI - A.XIA.L SEPA.RA.TION O F  A.LL FOUR 
SATELLITES 

In some respects  the mounting arrangement problems of Deployment 

Scheme V a r e  aggravated in  the case of Deployment Scheme VI. 

load by-pass structure is used, as depicted in  Figure 10, Side View A, it mus t  

provide for by-passing the loads delivered f rom three satell i tes instead of just  

one. Similarly, i f  the satell i tes a r e  mounted in  a column, as depicted in  

Figure 10,  Side View B, and the loads a r e  transmitted through the satell i tes,  

the bottom satell i te mus t  support the loads delivered f rom the upper three sat- 

e l l i tes .  On the other hand, in  the absence of laterally-mounted satell i tes,  the 

diameter  of the satell i tes can be considerably increased and the height of the 

satel l i tes  reduced. Such a squat satellite design would aid the attainment of 

a favorable moment-of -inertia ratio and a s s i s t  in the solution of the mounting 

problems. 

Thus, i f  a 
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In contrast to Deployment Scheme V,  i n  which the reward for the 

penalty paid in handling the mounting problem i s  meager  a t  best ,  Deployment 

Scheme VI offers a potentially large reward. 

aration distances, l a rge r  than could be obtained by spin-off separation, to be 

obtained on both legs  of the orbit; it  permits  and, in  fact ,  cain a s s u r e  the a t -  

tainment of a markedly non-coplanar a r r a y )  without the need for growth of 

tangential separation distances; ands most important, i t  can provide maximum 

assurance  of the avoidance of excessive growth of tangential separation d is -  

tances without requiring the use of on-board systems of very high precision. 

The la t ter  feature i s  obtained by avoiding the application of la rge  velocity in- 

crements  to the satellites either during o r  after separation. 

period of the pallet can be measured very precisely by ground tracking and 

can be corrected pr ior  to each satellite separation, the residual e r r o r  can be 

made extremely small. 

the satell i tes will be quite small ,  and w i l l  nominally be in the direction nor- 

mal to the orbit ,  the effect of the separation velocity increments on orbital 

period should be negligible, particularly when the separations occur a t  l a rge  

distances f rom the earth where the sensitivity of orbital period to velocity 

increments  is  small. 

It permi ts  in-plane normal sep-  

Since the orbital 

Since the separation velocity increments applied to 

The order  in  which the tangential, out-of -plane and in-plane -normal 

separation distances a r e  generated can be var ied f rom that given in  Figure 10 .  

Fac tors  to be considered in selecting the order  a r e :  (1)  Impulse requirements,  

( 2 )  t ime required to complete the deployment, and ( 3 )  influence on the a r r a y  of 

separation distances. 

portance.  

Since the tangential separation distance requi res  the smallest  velocity incre  - 
ment,  impulse requirements a r e  likely to be reduced by obtaining this compo- 

nent f i rs t .  

a n  axial solid rocket,  whereas,  i f  repeated attitude reorientation maneuvers 

a r e  to be  avoided, the in-plane-normal velocity increment will require  the use 

of pulsed la te ra l  thrust ,  the out-of-plane velocity increment should be more  

readily generated and, therefore,  was given precedence. 

Of these factors the former i s  likely to be of most  im- 

The order  given in  Figure 10 was predicated on this consideration. 

Since the out-of-plane velocity increment can be generated by firing 
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The technique for obtaining the various separation distance com- 

ponents has  been described above in the comments relating to Deployment 

Scheme IV.  

of-plane velocity increment would be applied near apogee to obtain large out- 

of-plane separation distances on both sides of the orbit .  

plane normal separation distances on both sides of the orbit ,  the technique 

of raising perigee altitude and reducing apogee radius would be followed. 

For  Deployment Scheme V I  as presently contemplated, the out- 

To obtain la rge  in- 

In addition to obviating the need for very prec ise  aspect data and 

orientation of the pallet 's  spin axis ,  the complete absence of spin-off sep- 

arat ion deletes the problems associated with this type of separation and the 

costs in t ime and money for  the development tes t  program required to r e -  

solve these problems o 

3.10 EVALUATION LOGIC 

Table 4 summarizes  the comparison of the deployment schemes.  

Inasmuch a s  Deployment Scheme III appears  to offer no possibility of providing 

any advantage over Scheme I i t  was not included in  the summary.  

Scheme IV conceivably could be applied either with (IV-A) or  without (IV-B) 

a n  orbital  maneuvering pallet, these options were tabulated separately.  

Since 

Basically, there  a r e  two ways to improve the performance of De- 

ployment Scheme I: 

use of pallet orbital maneuvers.  

mainly for la rge  in-plane-normal separation distances on both legs  of the or  - 
bit .  However, its potential for increasing the maximum magnitude of the in-  

plane-normal separation distance is limited and i t  does not avoid the need 

fo r  growth of tangential separation distance to obtain non-coplanarity . 
l a t te r  device can by itself remedy all of the Scheme I shortcomings. 

however, involve the use of m o r e  complex pallet operations. 

(1  ) the use of additional spin-off separations,  and ( 2 )  the 

The former device by i tself  can provide 

The 

It does, 

I 

I 

I 
I 

B 

Since the developments associated with spin-off separation and 

the design of a n  orbital  maneuvering pallet a r e  both major i tems,  and it does 

not appear  possible to avoid both, it would be desirable to emphasize de- 

ployment schemes that,  a t  l eas t ,  avoid one or the other .  Thus, consideration 
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might be divided between schemes that do not entail a n  orbital maneuvering 

pallet, and schemes that do not entail spin-off separation. 

category i t  appears  likely that Scheme IV-A could offer sufficient improve- 

ment over Scheme I to justify the additic~al complication of a second spin- 

off, while the improvement relative to Scheme IV-A obtained with Scheme I1 

may not warrant the complication of a third spin-off. 

In the former  

The only scheme that avoids spin-off separation is Scheme VI. 

Moreover, of the schemes that make use of a n  orbital maneuvering pallet, 

only Scheme VI reaps  the f u l l  benefits of the use of this device. Thus, Scheme 

VI was selected as the most promising alternate for detailed analysis and com- 

par i  son with the original multiple satellite reference configuration, since i t  

best  meets  the improvement c r i te r ia  which were established for the al ternate  

system study. 
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Section 4 

SCHEME VI ANALYSIS 

Deployment Scheme VI, a s  illustrated in the previous section, has 

advantages which warrant  further consideration. 

to optimize the deployment operation with respect  to propulsion requirements,  

t ime to complete deployment, separation distances of the a r r a y  and the influ- 

ence of perturbations. 

total t ime to complete the deployment have been established. 

Analysis has been performed 

The sequence of the maneuvering, their  sense,  and the 

The design feasibility of the Deployment Scheme VI  concept has been 

The design requirements were  deter-  

In conjunction with the configura- 

investigated and feasibility established. 

mined and configuration studies performed. 

tion studies, analyses were conducted in the a r e a s  of structural  design, la teral  

thrusting system/attitude control system, antenna design, power system design, 

and thermal  control. 

ments  fo r  satell i tes and the total system a r e  presented. 

A recommended concept has evolved and weight state- 

The analytical and design efforts performed for  Deployment Scheme 

VI a r e  summarized in the following sections. 

4.1 SCHEME VI OPTIMIZATION 

The operational deployment sequence, illustrated in Figure 12,  i s  

based upon the resul ts  of an  optimization study. 

with respect  to: 

deployment, and (3) a r r a y  characterist ics obtained. 

fect these character is t ics  a r e  the order  in which the orbital maneuvers a r e  

made and the sense of the maneuvers .  The selected order  

The deployment was optimized 

(1) propulsion requirements, ( 2 )  t ime required to complete the 

The main factors that af-  

1 s t  Maneuver: Tangential 

2nd Maneuver: Out -Of -Plane 

3rd Maneuver: In-Plane Normal 
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minimizes propulsion requirements andis  at least  equal to the alternatives i n  

other respects.  The propulsion requirements a r e  defined in Section 4. 2 and 

a r e  based upon the attainment of inter satellite separation distances of 

! 5 0 G  LT. in each of the orthogonal directions on both legs  of the orbit  in  the 

region of most  experimental interest .  

require 6 - 1 / 2  orbits,  o r  about 13 days. 

The deployment operations nominally 

The optimum selection of the sense of the maneuvers was found to 

be as  follows: 

0 The sense of the period change used in  the tangential separa-  
tion i s  selected so that the f i r s t  satell i te separated,  Satellite 
1 ,  lags the others.  

0 The velocity increment used to generate the out-of-plane sep- 
aration distance is  applied in the downward direction, i. e . ,  
in the direction opposite to the positive normal to the orbit .  

0 The sense of the in-plane normal maneuver i s  chosen s o  that 
the perigee altit.ude change produced by the maneuver is  
positive. 

The advantage of increasing instead of decreasing perigee altitude 

Other advantages of this selection of the sense of the maneuvers i s  obvious. 

a r e :  

0 The adverse effects of subsequent orbital perturbations on the 
a r r a y  character is t ics  a r e  minimized. In particular,  the ef- 
fects on the in-plane normal separation distances obtained in 
the section of the orbit  of most  interest  (near 12 R e )  a r e  r e -  
duced to a growth a t  a rate  of about 100 km/month on the as-  
cending leg and a decrease a t  a s imilar  ra te  on the descend- 
ing leg.  

0 In the nominal case,  the out-of-plane maneuver will produce 
a reduction in the inclination of the orbit relative to the eclip- 
t ic plane. 

0 The effects of inadvertent growth of the tangential separation 
distances on the non-coplanarity of the a r r a y  is  minimized. 

By maintaining prec ise  control of the satell i te 's  orbital periods, ex- 

cessive growth of tangential separation distances i s  avoided. 

fea tures  a r e  incorporated in the operational sequence to optimize the control 

of orbital  period: 

The following 
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0 Except for the f i r s t  satellite, the separation of satell i tes i s  
executed a t  large distances from the earth.  
tances the sensitivity of orbital period to the separation vel- 
ocity increment is very small .  

At these dis-  

I 

e Several app~r tun i t i e s  fcr 1lleas1x-i~- b 1 ---- nii tr irnm-ing - - - -  orbital 
period a r e  provided prior to the separation of the satell i tes.  
This a s su res  convergence of the cut-and-try process  used 
to control orbital period. 

The in-plane normal separation distances a r e  obtained by means of 

a two-step maneuver. 

increment near  apogee. 

increases  the orbital period. 

The f i r s t  step i s  the application of a tangential velocity 

This increases  the orbit 's  perigee altitude and also 

The second step is the application of a tangential velocity increment 

close to ear th  (ideally at perigee). 

apogee altitude and nominally res tores  the orbital period to i t s  original value. 

In-plane normal separation distances in the section of the orbit of main interest  

a r e  obtained a s  a consequence of the "fattening" of the orbit ,  i. e. , the increase 

in the minor  axis produced by the maneuver. 

The second velocity increment reduces 

Because of i t s  capability of applying multiple velocity increments and 

correcting orbital period changes, Scheme VI  opens a wide range of possible 

variations of the in-plane normal maneuver. 

possibilities. 

A study was made to explore these 

The resul ts  obtained indicated that: 

0 The large change in period that is encountered during the f i r s t  
step of the maneuver cannot be avoided without a substantial in- 
c rease  in propulsion system weight (- 5 pounds). 

0 Shifting of the point of application of the second velocity incre-  
ment from perigee to about 3 R e  on the descending leg to avoid 
solar occultation and to provide better position and visibility 
for tracking purposes results in a small  increase in propulsion 
requirements.  (This increase has been taken into account. ) 

0 A slightly asymmetrical  distribution of in-plane normal sepa- 
ration distances (e.  g.  , 1,  800 km on the descending leg; 1 ,  200 
km on the ascending leg), which i s  desirable in view of the 
effects of the subsequent orbital perturbations and the sunline 
orientation, can be obtained without a significant increase in 
propulsion requirements. 

Consideration of the optimum time for  deployment of booms indicated: 
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0 The booms should be deployed prior to the separation of any 
satell i te to simplify the problem of attaining the desired spin 
ra te  of 60 r p m  for  the satellites and for the pallet/satellite 
combination. (See Section 4 . 2 . 2  and 4 . 2 . 4  for discussion of 
satell i te and pallet configurations and satellite/pallet 
integratioii. ) 

0 It appears  preferable to deploy the booms prior to the execu- 
tion of any maneuvers. The reduced spin r a t e  obtained upon 
deployment of the booms and avoidance of the necessity for 
operation a t  two different spin r a t e s  should aid the design of 
the ACS and LTS systems. 

4 . 2  SCHEME VI SYSTEM DESIGN 

A s  described in  Section 3 . 9 ,  Deployment Scheme VI  involves a 

radically different concept than was previously considered in connection with 

the Scheme I design. 

s e r i e s  and the satellites a r e  separated in the axial direction. 

this section is  to examine the design implications of this concept. 

In this case,  the satellites and pallet a r e  mounted in  

The purpose of 

4 . 2 . 1  DE SIGN REQUIRE MEN TS 

A number of requirements on the system configuration for the Scheme 

VI deployment a r e  derived from the operational sequence and deployment func- 

tions. 

the original reference configuration, a r e  presented in Table 5. 

The pr imary  requirements on design, particularly those that differ f rom 

4 . 2 . 2  CONFIGURATION STUDIES 

CONFIGURATION A 

Deployment Scheme VI permits the diameter of the satellites to be 

increased  to about 50  inches.  This allows the solar cell  surface a r e a  needed 

to satisfy power requirements to be obtained with a satell i te height of only 9 
inches.  However, i f  the collinear a r r ay  antenna i s  retained, the antenna 

must  protrude nearly 15 inches beyond the satell i te.  The spacing between 

the satell i tes,  when mounted on the pallet, must then be extended to allow 

SG 1089R-6 Page 42 



Table 5 

SCHEME VI DESIGN REQUIREMENTS 

0 Balance 

All  Configurations Ratio’ - Favorable F 

- Accurate C. 0. M. Location When Thrusting 

- All Booms Deployed P r i o r  to 1st Satellite Separation 

0 Propulsion 

- Solid Rockets 

30 M/  sec Perigee Increase - 1230 lb-sec 

30 M/  sec Out-Of-Plane - 720 lb-sec 

Thrust  Along Spin Axis Through C. 0. M. 

- Lateral Thrusting System (LTS) 

4 M/sec  Tangential - 120 lb-sec 

35 M/sec  In-Plane - 525 lb-sec  

Pulsed Thrust Laterally 
(Through C. 0. M., Each Configuration) 

- Attitude Control (ACS) - 525 lb-sec  

0 Pallet  Lifetime - 6 1 / 2  Orbits, Minimum 
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room for the antennas. 

of-inertia ratio for the initial assembly very difficult. 

This makes the attainment of a favorable moment- 

A design, Configuration A,  using the collinear a r r a y  antennas, 

with the sateiiites stacked above the pa!!ets is  illustrated. in Figure 13. 

"doughnut" satell i te shape allows the antennas to be nested, i. e . ,  the antenna 

of a lower satell i te extends up through the hole of the upper satellite, thus 

permitting the space between the satellites to be reduced to about 7 inches. 

The 

The satellites a r e  joined through their cylindrical "cores,  which 

a r e  about 21 inches in  diameter , the satellite-to-satellite and satellite-to- 

pallet connections being made through a band and "V" block assembly. 

7-inch space between the satellites provides clearance for hook-up and a c -  

cessibility to the separation systems.  Satellite loads a r e  tranmitted to the 

pallet through the central cylindrical cores .  A smaller  diameter band and 

"V" block assembly (approximately 9 inches), that i s  supplied by the launch 

vehicle agency a s  part  of the "FW-4D spacecraft attach fitting, 

join the pallet to the fourth stage motor. 

tach bolts and electrical  connections i s  unhampered in  accordance with a 

pr ime requirement of the launch vehicle agency. 

The 

is  used to 

Access to the FW-4D igniters,  a t -  

Inertia calculations indicate that for this design, with no booms 

deployed, the rol l  moment-of-inertia of the initial assembly will be about 

38 slug-ft2, while the pitch and yaw moments of inertia will be about 63 

slug-ft , yielding a moment-of-inertia ratio of about 0. 6. 2 

This unfavorable ratio cannot be significantly improved by the de- 

ployment of the satell i te 's  booms. 

c reases  the roll  moment-of-inertia by about 2 slug-ft 

( 2  per  satell i te)  could be deployed in  orthogonal directions a t  the center of 

mass station, the spin moment-of-inertia would be increased by 16 slug-ft 

to a value of 54 slug-ft2, the pitch/yaw moment-of-inertia would be in-  

c reased  by 8 slug-ft2 to a value of 71 slug-ft . Thus the moment-of-inertia 

ra t io  wouid remain strongly unfavorable. 

The deployment of a satell i te boom in-  
2 If 8 satellite booms 

2 

2 

Due to the axial separation of the satell i tes,  their booms cannot 

Off-center boom feasibly be deployed f rom the center of m a s s  station. 
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deployment would not affect the contribution to the spin moment-of-inertia 

but would increase the contribution to the pitch/yaw moment-of-inertia. 

Hence, the deployment of the satellite booms would be even l e s s  effective 

than indicated by the foregoing estimate. 

To obtain a favorable moment-of-inertia ra t io ,  additional booms, i. e . ,  

booms deployed f rom the pallet, would be required.  At best ,  the increase 

in  roll  moment-of-inertia due to any boom deployment is twice the increase 

in  pitch/yaw moment-of-inertia. 

inertia ra t io  of 1.1,  a minimum increase in  rol l  moment-of-inertia of about 

3 5  slug-ft2 i s  required.  If the pallet booms a r e  to be of about the same 

length a s  the 6-foot satell i te booms, then the weight to be deployed must  be 

about 3 0  pounds. 

creasing boom length will undoubtedly present formidable problems in boom 

design. 

to offset the greater  reduction in  spin rate that would be incurred by deploy- 

ment of the pallet 's booms would aggravate the boom design problem. Also, 

the bottom location of the pallet is undesirable for boom deployment, inas- 

much as the effectiveness of the booms is  degraded when the deployed weights 

a r e  not at the CM station. 

On this basis ,  to attain a moment-of- 

Deploying a weight of this size and/or significantly in- 

Furthermore,  the need to increase the initial spin ra te  substantially 

Additional objections to this design a r e :  (1)  because of the nesting 

of the antennas, the downlink from only one satellite is available when the sat-  

ell i tes a re  sti l l  on the pallet; and ( 2 )  a relatively high stand is  needed for 

mounting the la te ra l  thrusting system's  (LTS) nozzles. 

sents a possible obstacle that must be cleared when the l a s t  satell i te i s  

separate  d . 

The high stand p r e -  

CONFIGURATION B 

F r o m  the resu l t s  obtained with Configuration A i t  appears  that, 

fo r  Deployment Scheme VI, the use of a collinear a r r a y  antenna would be 

highly undesirable i f  not impracticable. The cavity-backed, slotted a r r a y  

antenna described in a following section i s  more  suitable since i t  does not 

requi re  any  protuberances to extend beyond the 9-inch height of the satell i tes.  

A design, Configuration B,  based on the use of a n  antenna of this type is  

shown in  Figure 14. 
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In this design the pallet i s  about 9 inches in height and is centrally 

I 
1 
I 

located with two satellites above and two satell i tes below. The central  lo -  

cation allows the LTS nozzles to be mounted within the height allowed for the 

pallet. The outer skins of the satellites and the pallet fo rm the main s t ruc-  

I tural  members  for t ransmission of loads through the satellites and the pallet. 

The satell i te -to -satellite and satellite-to -pallet connections a r e  made a t  the 

outer diameter by band and "V" block assemblies .  

made a t  the bottom satell i te to a payload adapter structure which is attached 

to the FW-4Dpayload attach fitting. 

A similar connection is 

, 

The roll  moment-of -inertia of the initial assembly for Configuration 

B would be about the same a s  for Configuration A ,  i .  e . ,  about 38 slug-ft2; it 

is estimated that the pitch/yaw moment-of-inertia would be reduced to about 

36 slug-ft', yielding a slightly favorable moment -of -inertia ratio of about 

1 .  06. 
ascer ta in  whether a n  acceptable minimum rat io  of 1 .  1 can be obtained. 

ever ,  there  is no doubt that a satisfactory moment-of-inertia ratio would be 

obtained i f  all of the satell i te booms a r e  deployed while the satell i tes a r e  

mounted on the pallet .  

More definitive evaluation of component weights would be required to 

How- I 

In this case,  it wouid be desirable to deploy three booms f rom each 

satell i te since, with fewer booms, the attainment of the desired 60  r p m  spin 

r a t e  would be awkward. 

ment of 3 booms would drop the spin rate to the desired 60 rpm.  The use of 

three booms also retains  a symmetrical  inertial  distribution a t  all stages of 

the separation sequence and would provide a favorable moment-of -inertia 

ra t io  of about 1 . 3  for  the initial assembly. 

r a t e  for the booster would be unacceptably low. 

of the satell i tes,  telescoped booms that a r e  stowed within the satell i te envelope 

seem likely to be a most suitable choice. 

With a n  initial spin rate  of about 100 r p m  the deploy- 
I 
I 
! 

With fewer booms the initial spin 

Because of the close spacing 
~ 

CONFIGURATION 2 ( C )  

Since the volume available i n  a cylinder 9 inches high and 50  inches 

in  diameter is  far more  than i s  required for housing all of the pallet 's  equip- 

ment,  plus all the equipment of one satellite, i t  i s  possible to improve the Con- 

figuration B design by incorporating the pallet and one satell i te within a 9 inch 
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o r ,  perhaps,  slightly greater  height. This can be most  readily accomplished 

i f  the l a s t  satellite is not to be separated f r o m  the pallet .  

pallet/satellite unit can then be used, o r  the satell i te and pallet housings can 

be separate,  with all of the satell i te housings identical but designed so that 

any satell i te can be mated with the pallet to form a pallet/satellite unit of about 

the same height as the separate satell i tes.  

Either a n  integrated 

A design, Configuration C, of this type is  shown in Figure 15.  In 

this design Satellite 1 is  mounted below the pallet/satellite combination; while 

Satellites 2and 3 a r e  stacked above the pallet/satellite combination. The con- 

nections of satell i te -to -satellite and satellite -to -pallet/satellite a r e  made 

through ball-lock separation mechanisms. 

at the outer diameter,  being recessed  just enough to avoid solar cell shadowing. 

Since both Satellite 1 and Satellite 3 a r e  directly attached to the pallet/satellite 

combination, only Satellite 2 attaches to another satell i te and only Satellite 3 

t ransmi ts  loads f rom another satell i te (i. e . ,  Satellite 2) .  The pallet/satellite 

combination i s  attached to the F W  -4D payload attach fitting through a n  adaptor 

s t ructure  which r a i se s  the payload assembly enough to provide clearance below 

the bottom satellite for access  to the F W  -4Digniters, attach bolts and electrical  

connections. 

These mechanisms a r e  mounted 

The pallet 's  solid rockets and the LTS cold-gas tanks a r e  mounted 

at  the hollow of the satell i tes.  

protect  the satellites f rom the rocket plumes. 

L ine r s  around the satell i tes '  inner diameter 

Insulation mater ia l  a t  the interstices between the satell i tes is pro-  

vided to maintain the efficiency of the slotted a r r a y  antennas when the antennas 

are used for downlink transmission while the satellites a r e  still  attached to the 

assembly .  

ell i tes when they a r e  separated.  

This rra ter ia l  a lso provides protection against bumping of the sat-  

The LTS nozzles a r e  mounted a t  the outer diameter of the pallet/ 
The ACS nozzle satell i te combination and a r e  recessed  to avoid shadowing. 

extends somewhat beyond the outer diameter and overhangs the bottom sat-  

ell i te slightly. 
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Because of the mounting of most the pallet weights close to the longi- 

tudinal axis ,  the rol l  moment-of-inertia of the payload assembly will be smaller  

than for the other configurations. 

of-inertia will be about 31 slug-ft , After separation and deployment of the two 

satellite booms, the ro l l  moment-of-inertia will increase to about 49 slug-ft . 
This increase would reduce a n  initial spin r a t e  of 95 r p m  to the desired 60 rpm.  

It i s  estimated that the payload's roll  moment- 
2 

2 

The reduction of payload height and the more  central  location of the 

pallet 's  weight resu l t s  in a substantial improvement in moment-of-inertia ratio.  

It i s  estimated that the ratio for the initial assembly will be about 1 .34 with 

booms stowed and will increase to about 1 .42  when the booms a r e  deployed. 

With the successive separation of satell i tes,  the moment-of-inertia ratio of 

the remaining assembly will generally inckease. The separated satell i tes,  

which a r e  assumed to have only two booms that a r e  180 degrees apar t ,  wil l  

s t i l l  have a moment-of-inertia ratio greater  than about 1 .4 .  

Configuration C appears  to provide a reasonably compact and effi- 

cient design that i s  a t  l eas t  competitive with the Scheme I design. While some 

problems may be uncovered upon further study, no ser ious obstacle to the de- 

velopment of this design is  apparent. 

4 . 2 . 3  STRUCTURAL DESIGN 

The selected satellite structural  design (Configuration C) consists 

of a single, annular all-aluminum honeycomb t ransverse  plate which supports 

the instruments and subsystems. 

s t r ingers  around the periphery of the satellite and around the internal annulus 

(not shown in Figure 15). Each satellite i s  internally supported with diagonal 

s t ru ts  which transfer loads to the s t r ingers .  The outer shell of the satell i te,  

except for the bottom plate, ca r r i e s  no load. The top plate i s  used pr imari ly  

for thermal control, the external shell for support of the solar cel ls ,  and the 

internal shell of the annulus for insulation against the rocket exhaust. 

The loads a r e  transmitted through vertical 

The pallet/satellite combination is very similar in design to the 

satell i tes,  except that the inner void of the satellite annulus i s  used for mount- 

ing the pallet components. The t ransverse plate i s  a disc instead of annular 
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in shape. 

pallet on the booster vehicle. 

A conical adapter attached to the disc plate i s  used to mount the 

4 .2 .4  PALLET/SATELLITE INTEGRATION 

Considerations have indicated thatfor Scheme VI  i t  would be possible 

to forego separation of the las t  satellite f rom the pallet and that i t  would be ad-  

vantageous to use a more  or  l e s s  integrated pallet/satellite design which com- 

bines the l a s t  satell i te with the pallet. 

gained by this approach a re :  

The main advantages that could be 

0 A reduction in  the height of the initial assembly of the pallet, 
plus the satell i tes,  can be effected. This a s s u r e s  the attain- 
ment of a favorable moment-of-inertia ratio and reduces 
booster flight loads. 

0 A saving in  weight can be obtained through: 

Deletion of one separation system 

Reduced structural  weight for the pallet/satellite 
combination 

The sharing of subsystems between pallet and sa t -  
ell i te,  e .  g .  , poiver, command receiver ,  e tc .  

Carrying experiments that require  only single -point 
data on the pallet/satellite combination only. 

Avoidance of the need for a separate precession 
damper for the pallet. 

0 With the use of a pallet/satellite combination, a solar power 
source can be made available for the deployment operation. 
With Scheme VI, the deployment operation is  more complex 
and the total deployment time is subject to greater  variation. 
If only battery power were available, a hard  limit would have 
to be imposed upon the allowable deployment time and the 
deployment operation would then be l e s s  secure.  

0 With Scheme VI  the availability of a downlink will be ex-  
t remely helpful i f  not mandatory. In order  that the most in- 
telligent decisions be made regarding the use of the cold-gas 
supply common to the attitude reorientation and la teral  thrust-  
ing systems,  data on the remaining supply must be continually 
available. 
a substantial increase in  weight and cost. 

Separate pallet downlink telemetry would entail 
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To the extent that some cold gas will remain  af ter  comple- 
tion of the initial deployment, some latitude i s  available for 
readjustment of the orbit of one of the satell i tes.  This lati- 
tude provides a degree of adaptability which could be used to 
compensate for differential orbital perturbation effects that 
may distort  the a r r a y  during the la t ter  portion of the oper-  
ational lifetime, and/or forgenerat ing changes in inter - 
satellite separation distances which may be indicated, by the 
scientific data obtained, to be advantageous for the purposes 
of the experiment. 

The main objections to the use of a satellite/pallet combination 

a r e  ( 1 )  l o s s  of commonality between all of the satell i tes,  and ( 2 )  the need for 

the pallet design to maintain the same degree of magnetic cleanliness required 

for the satell i tes.  

stacle since to avoid any possibility of contaminating the satell i te it had been 

intended that a maximum degree of magnetic cleanliness would be maintained 

for the pallet even i f  all satell i tes were to be separated f rom the pallet .  Also, 

while the pallet 's  systems will be more complicated, no new types of elements 

a r e  required that were not present on Pioneer 6.  Pioneer 6 ' s  attainment of a 

satisfactory degree of cleanliness would, therefore,  indicate that meeting the 

magnetic cleanliness requirements for the pallet wi l l  not be unduly difficult. 

The la t ter  objection i s  not considered to be a ser ious ob- 

With regard  to commonality, it is noted that, even i f  a totally in-  

tegrated pallet/satellite combination were used, the number of distinct un- 

interchangeable units would not be increased. With a pallet that i s  entirely 

separate  the total system would be comprised of four identical, interchange- 

able satell i te s and one pallet; with a n  integrated pallet/satellite combination 

the total system is comprised of three identical, interchangeable satellites 

and one pallet/satellite combination. 

It i s  further noted that a considerable degree of commonality could 

be retained depending upon the philsophy that i s  followed in  the design of the 

pallet/satellite combination. A t  one extreme, commonality would be totally 

los t  i f  a n  approach were followed that called for the maximizing of the direct  

benefits, mainly weight reduction, that could be gained through a totally in- 

tegrated design. 

entirely separate and distinct unit. 

i n  commonality would be incurred if  a n  approach were followed that required 

In this case ,  the pallet/satellite combination would be a n  

At the other extreme,  practically no lo s s  
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the satell i te par t  of the pallet/satellite combination to be identical to other 

satellites with the only integration provision being that i t  be structurally com- 

patible with the pallet to form a n  assembly of suitably res t r ic ted  envelope. 

This approach would simplify the design process  because the design of inte- 

grated subsystems would be avoided, but many of the potential benefits of an  

integrated pallet/satellite de sign would be los t .  

The most serious objection to following the la t ter  minimum-integration, 

maximum-commonality approach is, simply, that a more  reasonable degree of 

integration i s  necessary to avoid a n  excessive weight penalty. However, i t  ap-  

pears  that a satisfactory compromise can be pursued that does not impose a n  

excessive weight penalty, yet retains the main advantages of a n  integrated de- 

sign a s  well a s  a considerable degree of commonality. 

the assembly of the pallet/satellite combination from: ( 1 )  a satell i te that i s  

identical to the other satell i tes,  and ( 2 )  unique par ts  required for the pallet/ 

satell i te combination. 

removed and replaced by the unique i tems required for the pallet/satellite com- 

bination. 

pallet/satellite combination. 

e s s .  

pallet/satellite combination in the f ie ld .  

combination spare  would be required to back up launch operations. 

This approach calls for 

In the assembly process ,  par t s  of the satell i tes may be 

In this concept any satell i te could be selected for the assembly of a 

However, the assembly would be a factory proc- 

A separate satell i te would not be interchangeable with the satell i te of the 

Hence, a separate pallet/satellite 

It is noted that with the m a i n  pallet elements housed in  the hollow of 

the doughnut -shaped satell i tes some modification of the satellite i s  practically 

unavoidable during the assembly of the pallet/satellite combination, i n  order  

to provide exterior access  for the ACS and LTS nozzles. To provide exterior 

access  for  these a s  well a s  other pallet elements, such as  the beacon antenna 

and the digital solar aspect sensor ,  satellite modifications would be required 

to minimize the height of the pallet/satellite combination. 

The compromise integration concept implies that provisions for 

mating with the pallet will be included in every satellite assembly. 

ample,  i f  the design of the pallet/satellite combination calls for electrical  in- 

terconnections between a satellite and a pallet subsystem, all of the satell i te 

sys tems would be wired with the appropriate junction boxes and/or connectors. 

F o r  ex- 
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The repetition on each satell i te of such elements,  that a r e  utilized only by the 

pallet/satellite combination, will entail some increase in weight. 

i s  felt that this weight penalty can be kept small enough to justify the simplifica- 

tion of design and fabrication that i s  gained. 

However, i t  

The compromise approach allows considerable flexibility with respect  

to the degree of integration o r  commonality that i s  retained. 

a r a t e  decision to be made for each of the subsystems where sharing of pallet 

and satell i te functions i s  possible. A n  optimum selection can be made on the 

bas i s  of total system considerations. In subsequent sections the main sub- 

systems involved in  the pallet/satellite integration a r e  briefly discus sed. 

It permits  a sep-  

4 . 2 . 4 . 1  ELECTRICAL POWER SYSTEM 

If all pallet systems were to be separate f rom the satellite systems,  

the minimum power requirement would be as  follows: 

Command Receiver /Decoder 468 watt -hours 

Beacon 3 

ACS/LTS 5 

To satisfy this requirement,  using a separate pallet battery supply, would r e -  

quire about 10 pounds of bat ter ies  and a n  additional 1 . 5  to 2 pounds for power 

conditioning and cabling. 

would considerably increase electrical  power requirements.  ) 

(The provision of a separate pallet telemetry downlink 

The required pallet battery weight could be reduced to about 5 pounds, 

while retaining near maximum commonality for the satellite subsystems by using 

a trickle charge from the satell i te 's  solar power system. However, for a more  

integrated design wherein a single command receiver/decoder serves  the pallet 

as  well a s  the satellite systems,  the additional power required for the separate 

pallet functions would be reduced to about 8 watt-hours. This  additional power 

requirement  could be easily accommodated by the satell i te 's  power. 

e l l i te ' s  power supply could accommodate the pallet 's  requirements even if  a 

separate  pallet command receiver/decoder were used, since during deployment 

the power demand of the satell i te 's  subsystems would be far below that which 

is required a f te r  the satell i tes a r e  deployed and a r e  fully operational. 

The sat- 
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It i s  estimated that the modification of the satell i te 's  power d is t r i -  

bution system that would be required i n  o rder  for this system to supply power 

for the pallet 's  functions will not be in excess  of . 5 pounds. 

4 .2 .4 .2  GOMiviAND/RECEIVER DECODER 

I 
I 
I 
I 

I 
I 

r 
I 
1 
I 
I 
I 

I I 

I I 

A separate pallet command receiver/decoder would weigh about 3 . 0  

pounds. 

receiver  decoder hardly mer i t s  consideration because of the impracticability of 

providing a separate antenna for the pallet 's rece iver .  

is  to be shared there  would be  l i t t le point in avoiding a common receiver/decoder.  

It is  estimated that the satell i te 's  receiver/decoder, which would weigh about 3 . 0  

pounds, could be replaced by a unit that would weigh about 3 . 5  pounds and would 

be capable of handling all satell i te and pallet functions. Thus, for a n  integrated 

design, the pallet 's command functions would be satisfied a t  a n  incremental cost 

of only about . 5 pounds and the complications of a separate antenna system would 

be avoided. In addition, the use of the integrated system wi l l  improve reliability. 

In addition to this weight penalty the use of a separate pallet command/ 

If the receiver  antenna 

4 . 2 . 4 . 3  THERMAL CONTROL 

Prel iminary investigation indicates that the degree of integration will 

have l i t t le  effect on the analysis,  design and development work required in con- 

nection with thermal  design. Invariably, i t  will be necessary to give consider- 

ation to: 

satellite combination, and ( 3  ) the assemblies that appear during the deployment 

process .  However, i f  all the satellites a r e  identical, there i s  no freedom to 

design the pallet/satellite combination differently, which r e s t r i c t s  the design 

and may produce differing thermal control character is t ics  in  the pallet/ 

satell i te combination than in the individual satell i tes.  

( 1 ) the individual separated satell i tes;  ( 2 )  the separated pallet/ 

4 . 2 . 4 . 4  TELEMETRY DOWNLINK 

Not including the costs of a separate power supply, which would be 

prohibitive, o r  the difficulty of providing a separate antenna system, a sep-  

a r a t e  pallet real-time-only data collection and transmission system would en-  

tail  a weight penalty of about 6. 5 pounds. With the use of the satell i te 's  
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downlink, telemetry f rom the pallet can be obtained by a minor modification 

of the satell i te 's  data processor .  

4 . 2 . 4 . 5  STRUCTURE 

The main question with regard to the s t ructure  of the pallet/satellite 

combination i s  the extent to which the satell i te 's  structural  members  a r e  to be 

dismounted and replaced by integral members .  The configuration drawing 

shown in Figure 15 shows a n  integral honeycomb disc-shaped panel which r e -  

places the satell i te 's  annulus panel. 

annulus panel could be retained. 

to the satell i te 's  panel with bolts to complete the connection through the adaptor 

structure to the booster vehicle 's  payload attachment fitting. 

panel design, i t  is  estimated that the structure of the pallet/satellite combin- 

ation would be only about five pounds heavier than the separate satell i te 's  s t ruc-  

tu re .  

pallet/satellite structure by about 2.5 pounds. 

Instead of a n  integral  disc, the satel l i te ' s  

A separate disc panel could then be attached 

With the integral 

Retention of the satell i te 's  annulus panel would increase the weight of the 

- ... . - - -  _ _  I--vuIu vu recognized tnar insumcient  design work has  been done 

in  connection with Scheme VI  to explore all the possibilities with respect  to the 

s t ructural  design af the satellites and the pallet/satellite combination. 

the design i l lustrated i n  the above-referenced figure appears  to be acceptable 

and competitive with the design contemplated for Scheme I, i t  is  possible that 

further study will disclose a n  even superior alternative.  

evaluating the structural  design, more  consideration must be given to the total 

weight of the combined s t ructure ,  including all of the satell i tes,  than to the in- 

crement  of the weight of the pallet/satellite combination over the weight of a 

single satell i te.  

plied by a factor of four. 

more  important than reduction of the incremental weight required to form the 

pallet /sat ell i t  e comb inat ion. 

Although 

It is  noted that,  in 

A reduction in  the weight of a separate satell i te will be multi- 

Hence, reduction of satell i te weight is  likely to be 

In addition to possible reductions in satell i te weight, alternative 

s t ructural  concepts could lead to a design wherein the satell i te structure can 

be efficiently converted to the pallet/satellite combination structure without 

the dismounting and replacement of members  . 
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4.  2.5 ATTITUDE CONTROL AND LATERAL THRUSTING SYSTEM 

The integration of the attitude control system (ACS) and la te ra l  

thrusting system (LTS) for Deployment Scheme VI  is  shown diagrammatically 

in  Figure 16. 

electronic circuitry for signal amplification and mode switching. 

par t  of the system is not significantly different f rom the Scheme I ACS, (ex- 

cept for a reduction in  impulse requirements by a factor of about 2 due to 

reduced spin ra te ) .  

the command receiver and the sub system electronics,  the additional i t ems  

required for the LTS implementation a r e  those shown by the heavy lines in  

Figure 16; specifically, a solenoid valve, two explosively-actuated valves, 

two nozzles, and the associated electrical and pneumatic interconnections. 

The systems share  the cold-gas supply, the sun sensors  and 

The ACS 

Apart  f rom the added functions to be accommodated by 

To avoid the generation of excessive disturbances torques the line 

of action of the la teral  force must be shifted to match the shifts of the center 

of m a s s  due to separation of the satellites f rom the assembly.  

complished a s  follows. 

active.  This nozzle is  appropriately located s o  that the line of action passes  

through the center of m a s s  of the assembly a t  this t ime, i . e . ,  af ter  separa-  

tion of the f i r s t  satell i te.  After separation of the second satell i te,  the nor- 

mally closed, explosively-actuated valve i s  opened. Both nozzles a r e  then 

active and their thrust  levels a r e  balanced so that the line of action continues 

to pass  through the assembly 's  center of m a s s .  After separation of the third 

satell i te,  the normally open, explosively-actuated valve is closed, leaving 

only the second nozzle active.  This nozzle is  appropriately located so that 

the l ine of action continues to pass  through the assembly 's  center of m a s s .  

This i s  a c -  

When the LTS is f i r s t  used only one nozzle will be 

The directions in  which la teral  thrusts  can be applied is l imited 

by the directions of the view fields of the four solar sensors  that a r e  used to 

control the opening and closing of both the ACS and LTS solenoid valves. 

vestigation of the effects of this restriction on the efficiency of the execution 

of the orbital  maneuvers indicates that the degradation of propellant utiliza- 

tion will be about two percent.  

In- 

The preliminary estimates of the main engineering parameters  of 

the sys tem were based upon the achievement of a resolution in application of 

SG 1089R-6 Page 58 



I 

I I 

I I 

SG 1089R-6 

I n 1  
m I m  

m - r  m - r  

N N  N N  
0 0  0 0  z z  z z  
-hl - w  

w 
v, -1 

n. 3 

W 
v) -r 

0 0 

2 

Di 
W n. 

> 
a 

8 

VI 

Page 59 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

the velocity increment that 

gential separation distance 

i s  small  enough to keep unplanned changes in  tan- 

below about 300 km in 6 months. These est imates  

indicate that the design of the system wil l  be compatible with the use of ex- 

i sting components . 

4 .2 .6  ANTENNA DESIGN 

Design considerations associated with Deployment Scheme VI indi - 
cate that the use of a collinear a r r a y  antenna for the satell i te 's  downlink t r ans -  

mission will be impracticable because of the excessive spacing that would be 

required between the satellites when they a r e  mounted on the pallet. 

backed slotted a r r a y  antenna system depicted in Figure 17  provides a suitable 

substitute for the collinear a r r a y  antenna and requires  no protuberance beyond 

the height of the satell i tes.  

The cavity- 

Thus, i t  permits minimum spacing between satell i tes.  

This system consists of a set of antenna elements that a r e  equally 

spaced about the periphery of the satellite and a r e  energized through coaxial 

t ransmission l ines in such manner that each element is equally illuminated and 

radiates  in phase. 

boxed-in slot antennas. 

quarter  -wave box to  cor rec t  a ~ y  shunt suscrptaixe a t  the slot terminals,  thereby 

making the slots nonreactive. 

polarized perpendicular to the satell i te 's  longitudinal axis). 

Each element is  a couplet comprised of a pair of stacked, 

Each slot i s  half-wave resonant and i s  backed by a 

The transmission i s  horizontally polarized (i.  e . ,  

The system is designed to radiate with reasonable uniformity in  a 

plane perpendicular to the satell i te 's  longitudinal axis  (E-plane),  and to be di-  

rectional i n  the orthogonal plane (H-plane), providing a gain of 6 .5  dBi a t  a 

frequency of about 2 GHz, i. e . ,  equivalent to a fan-beam of 23 degrees.  ( F o r  

the Scheme VI design the satellite diameter of about 50 inches will be approxi- 

mately 10 wavelengths. ) 

A high degree of uniformity (i. e . ,  omnidirectionality of transmission 

in  the E-plane power pattern) i s  necessary since the downlink power require-  

ments  will depend upon the lowest signal level received during a spin cycle. 

Hence, efficient power utilization requires the attainment of a near unity ratio 

between the minimum and the maximum of the E-plane power pattern. A high 

degree of E-plane uniformity can be obtained by careful control of the amplitude 
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and phase of each element, and by increasing the number of elements.  

ever ,  increasing the number of elements ultimately resu l t s  in a disproportion- 

a te  increase in weight and cost .  

be near optimum and will provide satisfactory uniformity. 

poses i t  i s  assumed that eight elements a r e  used. 

How- 

It i s  expected that six to eight elements will 

For  present pur - 

The H-plane power pattern, P ( 0 ) ,  can be expressed a s  the product 

of the pattern of two isotropic sources and the slot H-plane radiation pattern 

where 

P1(8)  = pattern of two isotropic sources  separated by d, the dis-  
tance between slot centers 

P 2 ( 0 )  = slot pattern 

0 = elevation angle measured f rom satell i te 's  l a te ra l  plane 

If a half-wave spacing between slots i s  used, the H-plane power pattern func- 

tion becomes approximately 

F r o m  this expression the 3 dB beamwidth i s  found to be equal to 24 degrees .  

A spacing slightly greater  than a half-wavelength will yield a beamwidth of 23 

degree s . 
The gain of the antenna system, relative to isotropic transmission, 

i s  given by: 

where r )  i s  the antenna efficiency and 'dl i s  the H-plane beamwidth. 

9 0  percent efficiency and a 23-degree beamwidth, a gain of 6 . 5  dBi will be 

a chi eve d . 

W i t h  a 

This downlink antenna system is  to be shared by the telemetry and 

With an  appropriate frequency separation between the tracking transponder.  
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two t ransmissions and a suitable diplexing arrangement,  it should be possible 

to keep the lo s s  attributable to the sharing of the antenna below 0. 1 dB. 

Since the antenna elements a r e  located at the periphery of the sat- 

e i i i tes ,  the spiiinicg of t h e  satellites will cause a n  oscillation of the t ransla-  

tory velocity of the elements.  

troduced by this velocity oscillation will not be more severe than the effects 

that were previously considered and found to cause no significant degradation 

of the ground reception. 

However, the doppler shift effects that a r e  in- 

Inasmuch as the satellite's uplink antenna, which i s  to be used for 

both command and transponder reception, requires  a gain no greater  than 2 dB, 

it can employ a simpler slotted a r r a y  system, comprised of four, equally- 

spaced, single-slot elements. Though not omnidirectional this antenna pro-  

vides broad angular coverage. I ts  approximately conical null region about 

the longitudinal axis  can be tolerated since, except for a brief period shortly 

af ter  injection into orbit when the spacecraft i s  st i l l  relatively close to the 

ear th ,  the longitudinal axis will always be at  a large angle to the satellite/ 

ear th  l ine.  

Only the pallet/satellite combination will be equipped with a tracking 

A single-slot element is adequate for the beacon antenna since a con- beacon. 

tinuous beacon signal i s  not required. 

One of the main problems involved in  the implementation of the slotted 

a r r a y  antenna i s  the design of a lightweight linkage system, which is  compli- 

cated by the multiplicity of elements,  the large distances between elements, and 

the need for prec ise  control of relative phase and power level .  

the weight of the antenna systems can be kept to about four o r  five pounds with- 
out departing f rom the use of currently available components. However, more 

detailed study of the linkage design will be required to firmly establish the 

sys tem's  weight. 

It i s  felt that 

4. 2.7 POWER SYSTEM 

The satell i te power requirements and the system design a r e  identi- 

cal  for the Configuration 1 and 2 designs. The subsystem requirement is  for 
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17.5 watts and the solar cells provide 22 watts which allows for the various 
2 2 power lo s ses .  (projected) o r  8 .15ft  

( total)  with a total weight, including support s t ructure ,  of about 10 .8  pounds. 

The solar cell a r e a  required i s  2 . 6  ft 

The p a l l e t  p ~ w e r  requirement has been discussed previously in the 

If there  were no pallet/satellite inte - section on pallet/satellite integration. 

gration, the requirement would be 475 watt -hours, which i s  considerably 

higher than the previous design due to the longer operating period of the sat- 

ell i te.  

combine the pallet/satellite power systems.  

the pallet power, since the satellite instruments a r e  not yet operating. 

pr imary  result  of this integration w i l l  be the requirement for a modified 

power distribution system for the satellite which is  integrated with the 

pallet. 

As explained in  the previous section, however, i t  is advantageous to 

The satell i te can easily supply 

The 

4.  2 . 8  THERMAL CONTROL CONSIDERATIONS 

As for the previous multiple satell i te design, Configuration 2 has  

been designed to utilize passive thermal control. 

shape and size of Configuration 2, the thermal cofitrol finishes a r e  different 

than Configuration 1 .  

around the periphery of the satell i te,  but in the previous design the top and 

bottom were painted white to achieve the desired temperature control. 

the present  configuration the surface a rea  of the ends i s  substantially in- 

c reased  and the satellites would get too cold if  painted white. It has  been 

e s tabli shed through analy si s that satellite temper a tur e character is t ics  sim - 
ilar to the previous design can be achieved by painting 25 percent of the top 

and bottom surfaces with white paint and using polished aluminum surfaces 

for  the remaining 75 percent.  

two -inch s t r ipes  to achieve a negligible temperature differential a c r o s s  the 

surface.  Reference is  made to Space-General Report lO89R-3, Figure 43, 

for the expected temperature profiles. 

finishes required i t  was assumed that the inner annulus surface was insu- 

la ted,  which i t  must be to protect the satellite against the rocket exhaust. 

Because of the different 

A s  in  the previous design, solar cells  a r e  mounted 

In 

The white paint would be applied in  one- to 

In the calculation of the surface 

I 
I 
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Consideration has  a l so  been given to determination of the satell i te 

The heat rejection a r e a s  a r e  temperature while st i l l  mounted on the pallet. 

decreased for this case and the temperature of the satell i tes will increase.  

During this initial period of the mission, the average satell i te temperature 

will increase by about 40 F to a maximum temperature of about 80°F. 

inner satell i tes wi l l  have a somewhat higher temperature .  

a r e  deployed, the temperature w i l l  decrease to a maximum of about 40°F 

during the first par t  of their mission, i.  e . ,  when the sun is  a t  apogee. 

the sun i s  a t  perigee, the satell i te w i l l  reach i t s  maximum temperature,  

about 100°F. 

0 The 

As  the satellites 

When 

4. 2 .9  WEIGHT STATEMENTS 

Weight statements have been prepared for the Configuration 2 de- 

sign and a r e  shown in Tables 6 and 7. 

ellite weight with a total weight of 88.1 pounds. 

heavier than the previous satell i te design. 

in Table 7 and i t  is noted that the pallet weight, at  66.9 pounds, i s  substan- 

tially l e s s  than the previoxs pallet weight, almost compensating for the in-  

c reased  satell i te weight. A summary of the total payioad weight g i v e s  4 3 5 . 3  

pounds, which for a n  allowable weight of 446 pounds, allows a modest pad of 

1 0 . 7  pounds. 

Table 6 shows a breakdown of the sat-  

This is  almost 5 pounds 

The total payload weight is shown 

4 .2 .10  DESIGN SUMMARY 

The design of Configuration 2 has  been guided by the basic study 

objective to maximize payload, volume and data ra te  allowable for scientific 

instruments ,  while providing adequate support subsystems and meeting all 

other constraints.  

design possible within the scope of the study. 

system character is t ics  resulting from the design: 

These objectives have been accomplished to the depth of 

Below is a summary of the 
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1. Instrument Allowances per  Satellite 

Weight 

Volume 

Power 

Bit Rate 

2. Payload 

Weight 

Ma xi mum Dia m e t e r 

Maximum Length 

Moment -of -Inertia Ratio 

3. Satellite 

Weight 

Xhximum Diameter 

Maximum Length 

Total Subsystem Power Available 

Boom Lengths 

Final Spin Rate 

Component Temperature Range 

Moment-of-Inertia Rat io  

26 pounds 

3 58000 in  (an order  of magnitude 
g r e a t e r  thar, reqc l i red)  

8 watts 

1050 bits/sec 

435.3 pounds 

54. 0 inches (shroud limitations) 

63. 0 inches (shroud limitations) 

1 . 3 4  (booms stowed) 
1 .42  (booms deployed) 

88.1 pounds 

52.2 inches 

9 inches 

18 watts 

88 inches 

60 r p m  

20° to llO°F 

> 1 . 4  (booms deployed) 
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Table 6 

SATELLITE WEIGHT STATEMENTy SCHEME VI 

Subsystem Weight, Pounds 

S c i  enc e Instruments 

IR Aspect Sensor 

Power System 

Solar Cells 

Battery 

Power Conditioner & Cabling 

Data Management System 

Command Receiver/ Decoder 

Data P rocesso r  

Tape Recorder 

T r a n  s ponde r 

Transmit ter  

Antenna 

Temperature  Control 

Structures  and Mechanisms 

Total 

P r i m a r y  Structure 

Solar Ar ray  

Magnetometer Booms ( 2 )  

Mechanisms 

SG 1089R-6 

4.0 
1.5 

4. 5 

3 . 0  

3 . 0  

8 . 0  

7 . 0  

2 . 0  

4 . 0  

11.0 

6 . 8  

2 . 0  

2 .  8 

26. 0 

1.5 

10.0 

27. 0 

1 . 0  

2 2 . 6  

88. 1 
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Table 7 

PAYLOAD WEIGHT STATEMENT, SCHEME VI 

Pallet 

Data Management 

Command Receiver/ Decoder 

Beacon & Antenna 

Power System 

Batteries 

Power Conditioner 

Attitude Control and Lateral 
Thrusting Systems 

Nitrogen Gas 

P r e s s u r e  Reservoir 

Electronics 

Valves, Nozzles and Plumbing 

Solar Sensors (3 )  

Thermal  Control 

Structure  and Mechanisms 

Solid Rocket( s)  

Solar Aspect Sensor 

Total Pallet 

4 Satellites @I 88. 1 pounds each 

Payload Adaptor 

Total  Payload Plus  Adaptor 

Payload Allowable 

Pad 

SG 1089R-6 

Weight, Pounds 

2 . 5  

. 5  

2. 0 

.5 

- 
. 5  

3 8 . 9  

16.8 

16. 8 

2 . 0  

2. 5 

0. 8 

- 
5 . 0  

19.6 

. 4  

66. 9 

3 5 2 . 4  

16. 0 

4 3 5 . 3  

446.0 

10.7 
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Section 5 

DEPLOYMENT COMPARISON 

5 . 1  ARRAY CHARACTERISTICS 

Since the main function of multiple satellite deployment i s  to 

achieve a desirable a r r a y  of inter satellite separation distances, the differ - 
ence in  the character is t ics  of the a r rays  that a r e  obtained i s  an important 

factor in comparing Scheme I (Configuration 1) and Scheme VI (Configuration 

2).  
tance, the comparisons a r e  a s  follows. 

Considering f i r s t ,  the three orthogonal components of the separation dis-  

5 . 1 . 1  TANGENTIAL SEPARATION 

For both schemes, the tangential separation distance a r i s e s  from 

differences in lead t ime. Hence, the tangential separation distances will vary  

in  proportion to orbital velocity and will be much smaller  at  large distances 

from ear th  than near perigee. In the case of Scheme I, an initial tangential 

separation distance of about 1 , 0 0 0  km wil l  be obtained in  the section of the 

orbit of mos t  interest  (near 12 R ). 
off separation. Subsequently, the tangential separation will grow to about 

10 ,  000 krn in 6 months. 

l iberate  generation of orbital period differences which i s  required to obtain 

a r r a y  non-coplanarity. 

controllable factors  wil l  introduce additional growth which could be a s  large 

as 15, 000 km in  6 months. 

separat ion distances is provided. 

This i s  a natural  consequence of the spin- e 

This figure applies only to the growth due to the de- 

Inadvertent differences in orbital period and other un- 

No capability for readjustment of the tangential 

In the case of Scheme VI, the initial tangential separation distance 

i s  set  by design and is selected to  be about 1, 500 km in the region of interest .  

Subsequent changes will be due mainly to differences in orbital decay ra tes .  

The growth in  tangential separation due to this source will  not exceed 1, 500 km. 

The growth due to deployment e r r o r s  is expected to be l e s s  than 300 km in 6 
months. Since the pallet remains combined with the fourth satellite, i t s  l a te ra l  

SG 1089R-6 Page 69 



thrusting system i s  available following deployment and can be used to readjust  

the tangential separation distance. 

5 . 1 . 2  IN- PLANE NOR-MAL SEPARATION 

The in-plane normal  separation distance obtainable with Scheme I is 

severely restr ic ted by the limitations of the spin-off separation. 

ra te  of 200 rpm, an initial in-plane normal separation distance of about 900 k m  
can be obtained in  the section of interest  on the descending leg of the orbit ;  

but on the ascending leg of the orbit, the initial in-plane normal  separation 

distances will be negligibly small. 

the in-plane normal  separation distance on the ascending leg will  grow a t  a ra te  

of about 200 km per month. On the descending leg the perturbations will have 

little effect on in-plane normal  separation, since two of the satellites that a r e  

farthe s t  apar t  in  the in-plane normal  direction remain  relatively fixed while 

in-plane normal  separation between the other two i s  reduced. 

With a spin 

A s  a resul t  of orbital perturbation effects, 

The initial in-plane normal  separation distance obtained with Scheme 

VI depends only upon the propellant weight to be allowed for the in-plane normal  

separation maneuver.  

it will be chosen a t  a value (about 100 rpm) appropriate for attaining the desired 

final ra te  after boom deployment. With the recommended maneuver, an initial 

1, 200 km in-plane normal  separation distance will be obtained on the ascending 

leg, while a 1, 800 km distance wil l  be obtained on the descending leg. 

quently, a s  a resul t  of orbital perturbation effects, the in-plane normal  separa-  

tion distance on the ascending leg wil l  increase at  a ra te  of about 100 km per 

month, while the in-plane normal  separation distance on the descending leg will 

decrease at  about the same rate.  

Since the initial spin rate  does not affect the deployment 

Subse- 

5 . 1 . 3  OUT-OF-PLANE SEPARATION 

With respect to the out-of-plane separation distance there a r e  no 

major  differences between the two schemes. 

obtained by firing axially-thrusting rockets so that the magnitude of the separation 

distance can be fixed by appropriate sizing of the rockets. 

km out-of-plane separation distances wi l l  be obtained in  the section of interest  

on the ascending and the descending legs of the orbit. 

be much change in  the out-of-plane separation distance subsequent to the deployment. 

In both cases ,  the separation is 

In both cases ,  1, 500 

In neither case wil l  there  
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5. 1 . 4  NON- COPLANARITY 

While the attainment of each of the three orthogonal components of 

inter-satell i te separation distance is necessary for non-coplanarity, it i s  not 

sufficient to assure  non-coplanarity. 

on the descending leg the non-coplanarity of the a r r a y  will be poor because the 

separation vectors between satellite pairs will be nearly parallel;  in  addition to 

this factor,  on the ascending leg non-coplanarity will be poor a t  the outset be-  

cause of the absence of a significant in-plane normal separation distance. 

coplanarity on the descending leg wil l  first improve with the growth of the 

tangential separation, reaching a maximum a t  about two months after deploy- 

ment;  thereafter,  continued growth of the tangential separation distance will 

tend to  degrade the non-coplanarity of the a r r a y .  

orbit, the improvement in  non-coplanarity is slower because growth of the in-  

plane normal  separation i s  required, in addition to the growth of the tangential 

separation distance. 

lative because of the uncertainties introduced by potential deployment e r r o r s  

and the absence of a capability for readjustment of any separation distance. It 
i s  mos t  probable that the satellites will ultimately be strung out along the orbit  

in  a very  ehngated  arrziy having poor non-coplanarity character is t ics .  

In the case of Scheme I, at  the outset, 

Non- 

On the ascending leg of the 

The long-term trend of the a r r a y  non-coplanarity is specu 

In the case  of Scheme VI, strong non-coplanarity will be obtained at  

the outset on both legs  and will be retained throughout the operational lifetime. 

The growth of tangential separation distance within a year will be small  enough 

so a s  not to significantly degrade the non-coplanarity of the a r r a y  and the capa- 

bility to readjust  the tangential position of the pallet/satell i te combination can be 

used, i f  desired,  to maintain near maximum non-coplanarity. The comparison 

of a r r a y  character is t ics  i s  summarized in  Table 8. 

5 . 2  DESIGN IMPLEMENTATION 

Configuration 1, shown in  Figure 18, i s  applicable to Scheme I. 

this  design the satell i tes a r e  of relatively small  diameter and a r e  joined i n  

dumbbell -like pairs ,  with the dumbbell axes in  line with the vehicle ' s longitudinal 

axis .  

positions. 

In 

The pa i rs  a r e  attached to the pallet spar in  diametrically-opposed 
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Table 8 

COMPARISON O F  ARRAY CHARACTERISTICS 

Scheme I Scheme VI 

Tangential Separation Distance 

Approx. 1000 km initially, 1, 500 krn initially; changes 
growing to at least  10, 000 km 
in  6 months; no readjustment 
capability. capability provided. 

in the order  of t1, 500 in 
6 months; readjustment 

In- Plane Normal Separation 

Ascending Leg 

Negligible initially; 
increases  by about 
200 km per month. 

Descending Leg 

900 km initially 
(assuming spin rate  of 
200 rpm);  little change 
due to perturbation. 

Out-of -Plane Separation 

1, 500 km, initially, on both 
legs of orbit; little change 
with t ime. 

Non - C oplanarity 

Good non-coplanarity is not 
obtained initially. Non- 
coplanarity improves on 
descending leg to maximum at 
about 60 days and degrades 
thereafter ; non- c oplanarity 
on ascending leg i s  generally 
poor, improves late in  
operational life. 

Initially 1, 200 km; 
increases  by about 
100 km per month. 

Initially, 1, 800 km 
(independent of initial spin 
ra te  of about 100 rpm);  de- 
c reases  by about 100 km 
per month. 

1, 500 km initially, on both 
legs of orbit ;  little change 
with t ime. 

Good non-coplanarity is 
obtained on both legs of 
the orbit  throughout 
operational life. 

\ 
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Configuration 2, which i s  applicable to Scheme VI, i s  shown in 

In this design the satellites are of relatively large diameter and Figure 15. 

are mounted in a stack extending along the longitudinal axis. 

eombinec! ~~4th  one of the satellites to form a pallet/satellite combination. The 

attachment to the booster vehicle i s  made through this combination. One satel- 

lite i s  mounted below the combination while the other two are  stacked above it. 

The pallet i s  

In both cases, problems are  encountered in attaining favorable 

moment-of-inertia ratios. For Configuration 1, a favorable moment-of-inertia 

ratio for the initial assembly i s  obtained by keeping the centers of mass of the 

satellite pairs a s  close as  possible. 

diameter, the requirement for a low center of mass station will  result in the 

need for tight packaging of the satellite subsystems. 

inertia ratio could not feasibly be obtained for the satellite-pairs after separa- 

tion from the pallet. 

necessary to spring the pairs apart very shortly after separation from the pallet. 

Also, the satellite precession dampers must be kept uncaged until after the pairs 

are  sprung apart and a separate pallet precession damper is required. 

Since the satellites are of relatively small 

A favorable moment-of- 

To accept the unfavorable moment-of-inertia ratio it i s  

For Configuration 2 ,  a favorable moment-of -inertia ratio is obtained 

by minimizing the spacing between the satellites and by the use of the pallet/ 

satellite combination. 

the downlink transmission which i s  replaced by a cavity-backed slotted array 

antenna at  the cost of some additional weight for the more extensive R F  linkage 

system that is required. However, with the attainment of a favorable moment- 

of -inertia r.atio for  the initial assembly, no further difficulty is encountered 

in obtaining favorable moment-of-inertia ratios for any of the assemblies that 

are  involved in the deployment process. The large satellite diameter provides 

considerable shelf space for mounting subsystems, permitting inertial balance 

to be more readily obtained without the use of balance weights. 

This precludes the use of a collinear array antenna for 

For both configurations, the allowable inertial tolerances a re  most 

stringent for the payload assembly mounted on the booster vehicle. 

ances stem from the spin-stabilized booster vehicle's requirements and are the 

same for both configurations. However , for Configuration 1 , relatively small 

to'lerances must be held for  all of the assemblies that are involved in the deploy- 

ment process, while the tolerances for Configuration 2 are generally more liberal. 

These toler- 
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This is particularly true for the allowable tilt of the principal axes, which is 

about . 1 degree for all Configuration 1 assemblies, while for Configuration 2 

(except for the payload assembly) the tightest tolerance i s  about . 35 degrees. 

Furthermore, for Coiifigiiratioz 1, t h e  preserrce of Inertial imhalances much 

greater than the allowable tolerances would result in serious degradation of the 

array; for Configuration 2 the adverse effects of inertial imbalances a re  mainly 

inconveniences that are  correctable and do not endanger the mission. 

The large diameter of the Configuration 2 satellites permits the 

stowage of telescopic booms, without the excessive number of segments that 

would be required i f  such booms were used with the smaller diameter satellites 

of Configuration 1. 

desirable for deployment from the spinning satellites. For such booms, the pos- 

sibility of hanging up or failure to lock is minimal since the centrifugal force act- 

ing to extend the booms persists untilthe boom i s  fully deployed even i f  i ts  mo- 

tion i s  strongly retarded by a viscous damper. 

It i s  believed that telescopic booms will  prove to be most 

In the case of Configuration 1, thermal control of neither the separated 

satellites nor the initial assembly presents a very difficult problem. 

the heat rejection z rsa  will be redxced by a fa-ctor of 2 when the satellites a re  

mounted on the pallet, the surface exposed to sunlight is also reduced by a con- 

siderable factor. Hence, the satellite temperatures on and off the pal.let will  

be about the same. 

Although 

In the case of Configuration 2, the satellite heat rejection area will 

also be reduced by a factor of about two when the satellites are  still attached, 

but the surface exposed to sunlight will remain about the same. It i s  estimated 

that this will  result in a bulk temperature of the initial assembly that is about 40°F 

higher than the temperature of the separated satellites. 

wil l  be required in this case to avoid large temperature gradients in the initial 

as  s embly . 

More careful design 

The most difficult problem in implementing the Configuration 1 design 

i s  attainment of the required accuracy for the spin-off separation. 

e r ror  in the timing of the spin-off separation would result in an undesired growth 

in tangential separation distance at a rate of about 1, 600 km per month. 

avoid a gross distortion of the nominal array history, the maximum er ror  should 

A 1 millisecond 

To 
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be kept below 1 / 2  millisecond. 

vide this order  of timing accuracy. 

mechanisms is limited; hence, their  reliability i s  not established. 

uncertainties regardiiig the separztion ~ ~ e c h a n i s ~  2nd the c ~ ~ ~ p l e ~ i t i ~ ~  of the 

dynamic character is t ics  involved in the la te ra l  separation of two elements from 

a spinning vehicle, main reliance must be placed upon extensive testing. These 

testing requirements would make the development of the spin- separation system 

a major i tem in  the Multiple Satellite development program. 

Standard separation mechanisms do not pro- 

Experience with faster  -acting separation 

Because of 

For Scheme VI there is no spin-off separation. All of the separations 

a r e  axial and one-at-a-t ime and a re ,  therefore, relatively simple and straight- 

forward. 

system, which adds to the complication of the pallet equipment. However, the 

additional equipment required is minimized by integrating the LTS with the ACS 

in the manner i l lustrated in Figure 16. 
implementation of the LTS i s  actually smaller than the equipment that i s  required 

by Configuration 1 for implementation of the spin-off separation. 

integration of pallet and satellite subsystems that i s  feasible with Configuration 2 

and impracticable with Configuration 1 also resul ts  in  a considerable reduction 

in the equipment required for implementation of the pallet 's  functions. This is 

demonstrated by the comparison of pallet equipment presented in Table 9 .  

The main drawback in this case is the need for the la te ra l  thrusting 

The additional equipment required for 

The partial 

The LTS operation is readily amenable to detailed analysis. Its com- 

ponents a r e  generally on-the-shelf and their application i s  within the existing 

state-of-the-art .  Hence, the tes t  program associated with this equipment will 

be relatively routine. 
the precis ion spin-off separation of Configuration 1, the use of a pulsed la teral  

thrusting system has been demonstrated by the Ear ly  Bird and Syncom satellites. 

The Multiple Satellite ACS/LTS system will be similar to the systems success-  

fully used  by these satell i tes.  

In contrast  to the absence of a flight-proven precedent for 

While the ACS systems for the two configurations wil l  be practically 
the same,  the requirements on the Configuration 1 implementation wil l  be more 

demanding because of the higher spin rate and because attainment of accuracy 

in  the spin axis orientation is more cri t ical .  

mentation i s  summarized in Table 10. 

The comparison of design imple- 
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Table 9 

COMPARISON O F  PALLET EQUIPMENT 

Scheme I 

Configuration 1 

ACS 

Sun Sensors (4) 
Electronics 

C old - Ga s Supply : 

Tanks 
Fill Valve 
Relief Valve 
Pr e s sur  e Re gulator 

Solenoid Valve (1) 

Nozzle 

Electr ical  and Pneumatic 
Connections 

Spin- Off System 

Sun Sensor 

Amplification and Firing Circuits 

Fas t  -Acting Separation Mechanism 

Beacon 

Command Receiver 

Deployable Antenna and 
Deployment Mechanism 

Precess ion  Damper and 
Uncaging Mechanism 

Solid Rocket 

Battery 

SG 1089R-6 

Scheme VI 

Configuration 2 

ACS/LTS 

Sun Sensors (4) 
Electronics 

Cold-Gas Supply: 

Tanks 
Fill Valve 
Relief Valve 
P res su re  Regulator 
P res su re  Transducer  

Solenoid Valve (1) 

Explosively-operated Valves (2)  

Nozzles (3 )  

Electr ical  and Pneumatic 
Connections 

Beacon 

Digital Solar Aspect Sensor 

Connectors to Satellite Power, 
Command and Telemetry Subsystems 

Solid Rockets ( 2 )  



Table 10 

COMPARISON O F  DESIGN IMPLEMENTATION 

Scheme I 

Configuration 1 

Small - diamete r satellite 
mounted in  diametrically 
opposed dumbbell assemblies  

Low satellite CM station 
required to obtain favorable 
moment -of -iner tia ratio 

Separated dumbbell assemblies  
do not have favorable moment- 
of-inertia ratio 

Limited envelope available for mount- 
ing satellite subsystems 

Tight inertial  balance tolerances 
must  be maintained, e.  g. ,O. 1 deg 
on s?in axis tilt 

Does not readily accommodate 
telescopic booms 

Control of temperature  of all 
assembl ies  i s  relatively simple 

Main Problem 

Development of Accurate Spin-off 
Separation System 

Lacks state -of -the - a r t  
precedent. 

Experience with fast  - acting 
separation mechanisms i s  
limited. 

Extensive tes t  program 
required.  

SG 1089R-6 

Scheme VI  
Configuration 2 

Large -diameter satellites 
stacked axially 

Slotted a r r a y  antenna required 
to obtain favorable moment-of- 
inertia ratio 

All assemblies  involved in  
deployment have favorable 
moment - of - ine r t ia  ratio s 

Very large envelope available 
for mounting satellite 
subsystems 

More l iberal  tolerance on 
inertial  balance can be accepted, 
e. g, 0. 35-degree spin axis tilt 
i s  allowable 

Telescopic booms can be 
conveniently stowed 

Careful design to avoid large 
thermal  gradients in  initial 
assembly i s  required 

Development of LTS 

Adds complication to the pallet 
system. 

Integration with ACS minimizes 
additional equipment required.  

Equipment is state-of-the-art. 

Test  program i s  routine. 

Separations a r e  simple. 
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5. 3 WEIGHT STATEMENTS 

Comparative weight statements for the satellites, pallet and total 

payload a r e  presented i n  Tables 11 and 12. 

increased perigee altitude (lowest initial perigee dt i tude z 839 Lr), an adz- 
quate payload capability cannot be obtained fo r  either configuration without 

recourse to a velocity-kick at first apogee passage. 

statements for both configurations have been based upon the assumption that 

such a kick will be applied and that injection into orbit  will be a t  a perigee a l -  

titude of about 280 km. 

In view of the requirement  for 

Accordingly, the weight 

Because of the additional cabling required ( a s  a resul t  of the greater  

dimensions) the satell i te 's  power system will be slightly heavier for Configura- 

tion 2 (Scheme VI).  
cabling used with Configuration 2 adds some weight to the data management 

system. 

tance will be ca r r i ed  on the pallet, the solid motor weight is removed from the 

satell i tes;  however, the la rger  satellite dimensions and the greater  loads to be 

ca r r i ed  will increase the weight of the pr imary  structure of the Configuration 2 

satell i tes.  

The cavity-backed slotted a r r a y  antennas and associated 

Since the solid motors  for obtaining the out-of-plane separation dis-  

Overall, an increased satellite weight of nearly five pounds i s  expected. 

Configuration 2 saves some pallet weight by use of the pallet/satellite 

combination wherein command receiver and electrical  power systems a r e  inte - 
grated.  

ments  for  the attitude reorientation maneuver a r e  nearly a s  great  a s  the com- 

bined ACS/LTS requirements  of Configuration 2 .  The incremental  weight of 

the s t ructure  of the palletlsatell i te combination relative to the separate satel-  

l i tes  i s  very small .  

mechanism, separate precession damper,  and deployable antenna resul ts  in  a 

very substantial reduction of the weight assignable to the pallet s t ructure  and 

mechanisms.  

Because of the higher spin rate,  the Configuration 1 propellant require-  

This, along with the absence of the spin-off separation 

In the Configuration 2 design the pallet must  c a r r y  solid rockets: (1) 

for raising perigee altitude, and (2)  for  the out-of-plane separation maneuver,  

while in the Configuration 1 design the pallet requires  only a rocket for raising 

perigee. However, since the Scheme VI  maneuvers do not resul t  in  the reduc- 

tion of perigee altitude for  any of the satell i tes,  while the Configuration I spin-off 
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Table 11 

SATELLITE WEIGHT STATEMENT 

Weight, Pounds 

Subsys tem 
~~ 

Science Instruments 

IR Aspect Sensor 

Power System 

Solar Cells 

Battery 

Power Conditioner & Cabling 

Data Management 

Command Receiver/ Decoder 

Data P rocesso r  

Tape Recorder 

Transponder 

Transmit ter  

Antenna 

Temperature  Control 

Structures and Mechanisms 

P r i m a r y  Structure 

Superstructure 

Solar Ar ray  

Magnetometer Booms (2) 

Mechanisms 

Solid Motor 

Scheme I Scheme VI 
(Configuration 1) (Configuration 2) 

26.. 0 26. 0 

1 . 5  1 .5  

9. 5 10.0 

4. 0 4. 0 

1 .5  1 .5  

4. 0 4 . 5  

24. 5 27. 0 

3. 0 3. 0 

3 .  0 3. 0 

8. 0 8. 0 

7. 0 7. 0 

2. 0 2. 0 

1 .5  4 .0  

1.0 1.0 

20.9  22. 6 
6. 8 11 .0  

6. 8 

2. 0 

2. 8 

2. 5 

6. 8 

2. 0 

2. 8 
- 

Total 83.4 88. 1 
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Table 12  

PAYLOAD WEIGHT STATEMENT 

Weight, Pound 

Scheme I Scheme VI Subsys tem 

Pal le t  I Data Management 5 .0  

3.7 

2.5 
I Command ReceiverlDecoder 3.0 

2.0 2 .0  

. 5  
- 
. 5  

Beacon & Antenna 

Power System 

Batteries 

Power Conditioner 

Attitude Control and Latera l  
Thrusting Systems 

Nitrogen Gas 

P r e s s u r e  Reservoir 

Electronic s 

2.2 

1 . 5  

35.2 38. 9 
16. 8 

16. 8 

2 .0  

2. 5 

0. 8 

15. 7 

15. 7 

1 .5  

Valves, Nozzles and Plumbing 1 .5  

Solar Sensors (4) 0. 8 

Thermal  Control 1.0 

22.5 

14. 5 

5 .0  

19. 6 

. 4  

Structure and Mechanisms 

Solid Rocket(s) 

Solar Aspect Sensor 

66. 9 Total Pallet 

4 Satellites 

81.9 

352.4 333.6 

16. 0 16. 0 Payload Adaptor 

Total Payload (Plus  I 
Adaptor ) 431. 5 435.3 

446.0 

14. 5 

446.0 Payload Allowable 

Pad 10.7 
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separation resul ts  in  a reduction of the perigee altitude for two of the satel-  

l i tes ,  a la rger  increase in  perigee altitude i s  required for Configuration 1. 

Hence, for  Configuration 1, a somewhat heavier rocket must  be used to ra i se  

perigee altitiide. This redlxes the difference in  solid rocket weights between 

the two configurations. 

The reduced pallet weight of Configuration 2 nearly compensates 

for the increases  in  satellite weight, with the resul t  that the total payload 

weight for Configuration 2 is about four pounds greater  than the total payload 

weight for Configuration 1. In both cases,  the total payload weight i s  within 

the capability of the booster vehicle. 

5 . 4  OPERATIONAL REQUIREMENTS 

The most  obvious difference between the deployment operations for 

the two schemes is in  the t ime required to  complete the deployment. 

figuration 1, the deployment i s  completed in  about 2-1/2 orbits,  or  approxi- 

mately 5 days; the Configuration 2 deployment nominally requires  6-1 / 2  orbits,  

or  about 13 days, and could take somewhat longer. 

For  Con- 

Because of the limitations on the pallet 's battery, the completion of 

the Configuration 1 deployment within the specified maximum time i s  mandatory.  

Hence, although the deployment operations a r e  fewer and shorter ,  they must  be 

performed under the pressure of a hard deadline. On the other hand, the avail- 

ability of solar power for  the Configuration 2 pallet functions removes the pallet 

battery power constraint a s  a possible mission failure mode and permits the de- 

ployment operations to be conducted on a much l e s s  urgent basis.  

In addition to the capability of postponing operations, i f  this becomes 

desirable,  the Configuration 2 system provides data upon which intelligent opera-  

tional decisions can be based. 

telemetering of ACS and LTS performance data. 

r a t e s  can be observed. 

anticipated was noted this could be accommodated by reapportionment of the 

maneuver allocations, i. e . ,  cutting down on the separation distances to be ob- 

tained. In the case  of Configuration 1, a separate telemetry downlink from the 

Access to the satell i te 's  downlink permits  the 

In particular,  gas expenditure 

If during ACS operation an expenditure ra te  greater  than 
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pallet was not included. 

about an excessive ACS g a s  expenditure r a t e  since there  i s  no LTS supply 

from which gas could be reassigned. 

Even i f  the data were available, little could be done 

The Configuration 2 attitude reorientation maneuver will not only 

be more  secure with respect  to gas supply but will a lso be aided by the digital 

solar aspect data. The attainment of a high accuracy in  completion of the at- 

titude reorientation maneuver i s  also much more  c r i t i ca l  to the success  of the 

mission for Configuration 1 than for Configuration 2.  

For Configuration 1 , precise  orbital  determination is  required at  

only two cr i t ical  t imes  in  the deployment process:  prior to the spin-off sepa- 

ration and pr ior  to the firing of the solid rockets to obtain the out-of-plane 

velocity increments.  

which to obtain tracking data for orbit  determination. For  Configuration 2, 

numerous orbital  determinations will be required and in many cases  only a 

comparatively small  fraction of an orbit will be available. Frequently, the 

fraction of the orbit involved will  be a section relatively close to  ear th  where 

visibility i s  reduced and the orbit changes more  rapidly. This poses a more  

difficult problem vvi-ith respect  to the collectior, aEd reduction of tracking data. 

In both cases ,  nearly a complete orbit  i s  available f rom 

It is  apparent that the Configuration 2 deployment operations will 

make grea te r  demands on the ground stations. 

extend over a longer period of time. 

hours of ground command operations in comparison to the one-shot commands 

involved i n  the Configuration 1 deployment. 

collecting and processing tracking and aspect data. 

mands on ground station t ime for the deployment operations wil l  not be much 

grea te r  than for  the subsequent routine collection of scientific data. 

to  avoid the possibility of prolonging the Configuration 2 deployment operations, 

it may be necessary  to obtain a priority with the ground stations for the Multiple 

Satellite mission during at least  the early orbi ts .  

operations i s  summarized in Table 13. 

These demands will certainly 

The orbital  maneuvers will entail several  

More time will also be spent i n  

For the most  par t ,  the de- 

However, 

The comparison of deployment 
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Table 1 3  

COMPARISON OF DEPLOYMENT OPERATIONAL REQUIREMENTS 

Configuration 1 
(Scheme I) 

Configuration 2 
(Scheme VI) 

Deployment completed in 
2 1 / 2  orbits;  5 days 

Deployment t ime l imit  imposed 
by pallet battery 

No downlink from pallet 

No back-up for excessive 
ACS gas usage 

Accuracy of attitude 
reorientation is cri t ical  

P r e c i s e  orbital  determination 
required a t  only two crit ical  
t imes  

Nearly full orbit  of tracking 
data available for  orbital  
determinations 

Ground stations tied up for 
shor te r  t ime.  Relatively few 
ground commands required.  

De pl o ym ent c om pl et ed in 
6 1 / 2  orbits;  13 days 

No s t r ic t  l imit  on deployment 
t ime 

Pa l le t  downlink available; 
pallet operations monitored 

LTS gas supply provides 
back-up for ACS 

Accuracy of attitude reorien-  
tation i s  not cri t ical  

Many orbital  determinations 
a r e  required 

Orbit determinations must  be 
made f rom data obtained in 
fraction of an  orbit, sometimes 
from close-in data. More 
rapid tracking collection and 
reduction process  required.  

Several  hours of ground com- 
mands required.  Ground 
station pr ior i ty  may be r e -  
quired to avoid prolonging 
deployment 
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5 . 5  RECOMMENDATION 

I 

Based on studies conducted to date, it i s  concluded that the fore- 

going comparison indicates Configuration 2 to be preferable for the Multiple 

Satellite mission. 

summary : 

The reasons for  recommending Configuration 2 a r e ,  in  

0 Configuration 2 will permit the attainment of an a r r a y  of 
intersatell i te separation that i s  far  superior to the best  
a r r a y  that could possibly be attained by Configuration 1. 

e The implementation of Configuration 2 i s  state -of -the -art 
and i s  supported by flight-proven precedents. Although the 
components a r e  state-of-the-art, and development i s  entirely 
feasible there is no known precedent for the development of 
the precision spin-off separation system required by Con- 
figuration 1. 

0 The payload weights for the two configurations a r e  comparable. 

0 While the deployment operations for Configuration 2 a r e  more  
extensive, the absence of a hard  deadline and the inherent 
back-up and corrective features that a r e  provided suggest 
greater  assurance of their successful completion. 
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Section 6 

AVAILABLE SAT ELLIT E SURVEY 

A brief survey of existing satellite s t ructures  has been initiated 

to determine the possibility of using a n  existing s t ructure  for the multiple 

satell i te.  

is applicable to the current  multiple satellite design alternatives.  

tial investigation has  been based only upon the compatibility of dimensional 

propert ies ,  moment-of-inertia characterist ics,  and center of gravity loca-  

tion of the existing spacecraft relative to the multiple satell i te design al ter  - 
natives. There a r e  two multiple satellite designs currently under consider - 
ation and the dimensions of these a r e  shown as the f i r s t  two satellites of 

Table 14. 

configuration which is deployed by spin-off. 

ponds to the Deployment Scheme VI configuration which is deployed by a 

la teral  thrusting system. 

Based upon this survey, none of the existing satellite s t ructures  

This ini- 

The Reference 1 design corresponds to the Deployment Scheme I 

The Reference 2 design c o r r e s -  

Most of the recently orbited satell i tes were considered in this in- 
3 vestigation, including those mentioned in the Statement of Work, i .  e . ,  S , 

Pioneer,  OGO, IMP, and ATS. These satell i tes,  plus others  which approach 

the dimensional requirements of one of the reference designs, a r e  i l lustrated 

in Table 14. 

The Reference 2 design has  many system advantages for the Mul- 

tiple Satellite program and may eventually be the selected design, as  ex- 

plained in  Section 5.5. 

even approaches this configuration and which could be effectively used for 

this  design. 

There is  no other existing satell i te,  however, which 

For  the Reference 1 design, several  existing s t ructures  must be 
3 

considered more  closely. In particular, these a r e  the S , IMP, OV3, SYNCOM, 

BEACON, SOLRAD, LES 1 and INJUN.  These a r e  all shown in Table 14. 

The other  satellites shown in  Table 14 a re  obviously too la rge .  The IMP, 
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OV3, and SYNCOM all have diameters which a r e  l a rge r  by six inches or  more  

than the Reference 1 design. Because of the pallet mounting arrangement and 

the shroud design limitations, these diameters a r e  unacceptable and the satel- 

l i t es  must  be rejected.  In addition, oniy the 3 x h b w h i  satellits has a n  accept- 

able height. The Small Standard Satellite (S ) has a diameter approximately 

one-inch smaller than the three satellites mentioned previously; this is a l so  

too la rge  to be acceptable. 

favorable moment of inertia ratio, especially while the four satell i tes are  

mounted on the pallet. 

be located near the bottom of the satellite which has  a reduced cross-sectional 

area making i t  impossible to meet the C . G .  location requirement.  

- T I  rrr- 

3 

In addition, it has  excessive height to maintain a 

That i s ,  the major par t  of the satell i te weight must 

The Beacon Explorer satellite i s  too small. It would only be accept- 

able i f  the power requirements and payload were decreased. 

The SOLRAD, LES I and I N J U N  satellites are  all somewhat sim- 

ilar. There i s  

more  similari ty between these satellites than between their designs and the 

Reference 1 design, yet separate satellite s t ructures  were constructed for 

these three satell i te functions, implying that i t  = o d d  h e  b e s t  to develop a 

separate multiple satell i te s t ructure .  

mensional similari t ies to the Reference 1 design and could provide the r e -  

quired power with body-mounted solar cel ls ,  they have serious disadvantages. 

F i r s t ,  the diameter is somewhat la rger  which may incur a difficult, i f  not 

impossible,  pallet mounting design problem. 

which could, depending upon internal payload arrangement ,  resul t  in  satell i te 

moment -of -inertia ratio problems. Whereas the single -satellite moment-of- 

inertia ra t io  could probably be developed favorably, the design of a favorable 

moment-of -inertia ratio for the pallet/satellite combination i s  questionable. 

This  r equ i r e s  that the payload weight be concentrated near the bottom of the 

satell i te.  But, for  these satellites the volume available decreases  toward 

the bottom. 

inches of the bottom of the satell i te t o  maintain acceptable pallet/satellite 

They a r e  all 24 inches in diameter and "rounded" in  shape. 

Even though these satell i tes have di- 

Secondly, the height is  too great  

The center-of-gravity of each satellite must be within five 

I 
I 
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moment-of-inertia ratios.  

satellite designs. Therefore,  these satellites were also rejected.  

This is  virtually impossible for any of the three 

Additional satell i tes which have been considered and the reasons 

for their rejection a r e  l isted in  Table 15. 

In summary,  unless the multiple satell i te design requirements 

change substantially f rom either of the two reference designs given in  Table 14. 

i t  can be stated that none of the existing satell i te structural  configurations 

considered i s  acceptable based upon dimensional and moment -of -inertia con- 

s t ra ints .  

reference designs (which seems unlikely), further survey effort may be r e -  

quired to determine the applicability of existing satellites to the multiple sat-  

ellite program. In this case,  i t  may be necessary to go beyond dimensional, 

moment-of -inertia and center -of -gravity location considerations and to eval- 

uate other pertinent factors,  such a s  structural  design, loading, mounting, 

e tc .  

If the multiple satell i te designs do change substantially f rom the 
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Sa te l l i t e  

Table 15 

ADDITIONAL SATELLITE STRUCTURES 

1. 

2. 

39 

4. 

5. 

6. 

7.  

8. 

9. 

10. 

Biosatell i te 

Early Bird 

Environmental 
Research Sa te l l i t e  

(m 16) 
(ERs 17) 

Environmental 
Survey Sa te l l i t e  
(BSA) 

Explorer 20 

Explorer 26 

GEOS 

I n i t i a l  Defense 
Communi cat ions 
S a t e l l i t e  

INTELESAT 

Lincoln Ecperi- 
mental Sa te l l i t e  
(L= 4)  

~~~ 

Description 

Re-entry structure maximum 
diameter - 40 inches 

Cylinder 28 inches i n  
diameter, 20" high 

Octahedron 9" on a side 
Octahedron 11" on a side 

18 sided cylinder - l ike 
polygon, 42" i n  diameter 
and 22" high 

Cylinder with truncated 
cone on top and bottom 
26" i n  diameter and 46" 
high 

Octagonal planform atop 
a truncated cone 28" i n  
diameter and 17" high 

Octagonal aluminum she l l  
48" across flats, 32" high 

Symmetrical polyhedron with 
24 faces, 32" high and 36" 
i n  diameter 

56" i n  diameter, 26" high 

Ten-sided polyhedron 33.5" 
i n  diameter, 36" high 

Remarks 

Much too large and of 
unsuitable design 

Too large for  Ref. 1 
design; shape and s i ze  
unsuited for R e f .  2 
design 

Too s m a l l  
Too small 

Too l u g e  

Too large, especially i n  
height for Ref. 1 design; 
unsuitable s i ze  and shape 
for  R e f .  2 design 

Diameter too large fo r  
Ref. 1 design; shape and 
s ize  unsuitable for  
R e f .  2 design 

Too large 

Too large for Ref. 1 design; 
shape and s i z e  unsuited for  
R e f .  2 design 

Too large 

Too large for  R e f .  1 design; 
shape and s i ze  unsuited for  
Ref .  2 design 
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Table 15 (Continued) 

ADDITIONAL SATELLITE STRUCTURES 

, 

: 
I 
I 
i 
I 
t 

I 

I 
I 

11. NIMBUS 

12. Nuclear Detection 
Sa te l l i t e  (VELA) 

13. Orbital Astronomica 
Observatory (OAO) 

14. Orbiting Solar 
Observatory ( E O )  

15.  OSCAR 

16. o n  

17. OV2 

19. Relay 

20. SECOR 

21. Tetrahedron 
R e s  ear ch 
S a t e l l i t e  (TRS) 

22. TIRCXj 

23. Miscellaneous 
Ekplorer, Echo, 
Pageos, etc.  

S G  1089R-6 

-- 
Polyhedron 54" i n  
diameter 

-- 

Wheel section 44" i n  
diameter, 9" high 

7 x 12 x 17 box 

2'7" diameter cylinder, 
55" long with hemispherical 
forward end 

Main body 23" square and 
24 '' long 

Open truss supporting 
2 large "wings"  

Octagonal prism 29" 
diameter at broad end, 
33" high 

9 x 11 x 14 box 

f 

i Tetrahedron 6&" on a 
i s ide 

! Cylindrical 18 sided poly- 
i 
I gon 42" i n  diameter 22" i n  

height i 

Much too large 

Too large 

Much too large 

Diameter too small for 
R e f .  2 design 

Too small and unsuitable 
for  spinning spacecraft 

Too large and the shape 
i s  unsuitable 

N o t  well suited for  spin 
s ta5i l ized vehic le  

Completely unsuited 

Too large for  Ref. 1 
design and shape and s i ze  
unsuited for R e f .  2 design 

Too small and unsuitable 
for  spinning spacecraft 

Too small 

Too large for R e f .  1 design 
and shape and s ize  for  
Reference 2 design 

Unsuitable i n  design 
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